A STUDY OF THE WJNCiS OF PllE TENTTIREDTNOIDEA 
A SrPEHFAMlLY OF HY^MENOPTERA. 



By ALEXAxnKK Dvek IMacGitjavuay, 

lu^tmrtor in Kntomoloyy, <y>rnel/ Univn’tfiti/. 



INTRODUCTION. 

This is a study \u the })hyloo-onv of a ^’roiip of nninials based on a 
study of the iuoditi(‘ati(nis of a sinul(‘ oro-an. It is jiii att(nnpt to trac(‘ 
tlie course of (he chnno-(^s ^vl•ouo•ht by natural selection, an etfort to 
n])ply tlie principl<‘s of desc(‘nt to taxonomy. 

riassili(*atioMs ))as(*d on tlu' modifications of a sino’l(^ (;rgan are ^en- 
ei-ally imperfect. Hut on no sino*le oro’an of any oroup of animals or 
plants has the (dfects of natural selection Ixnm written so clearly as on 
the wino’s of insects. The record is spread out as on a printed page 
and oidy awaits tlx* translatoi*. The taxonomy of several gi*oups of 
insects based on a geneti<‘ study of their wings has been ])ublished, 
and in every case where' phylogenies l)ased on otlx'r sets of organs 
have been made' it has be'e*n found that the\v e-ontirm the conclusions 
derive'd from a study of the' wings. 

The' Tetithredinoidea have been carefully studied by many investi- 
gators. Se'veral classifications have been proposed, but no attempt 
has been maele hithe'i’to te> work out an arrangement along the line's 
here pro])e)se'el. In pre'vious gre)upiugs a charae*ter common to a lai’ge 
numbe'r of forms aiul not common to others has been taken as of high 
value, while those ea)mmon to a smaller number e>f forms as e>f sub- 
ordinate value'. No ace*ount has l)oen taken eif the que'stie^n as to 
whether these characters include forms of one or of many lines of 
descent. 

At the outset 1 wish to express iny obligations to l^rof. J. II. Corn- 
stock and Dr. W. A. Riley for constant advie*e throughout the pi’cpa- 
ration of this paper; to the aiithoi’ities of the Cnite'd States National 
Musc'um foi- the loan of specimens from theii' collections not otherwis(' 
accessil)l(' to nu', and to i\Ir. d. ('hester Bradh'v for tlu' privilege of 
examining a numix'r of species and for looking over the manuseript. 
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I. ^HISTORICAL. 

Stiuients of win«‘- remit ion in the past almost invaria])!}' made the 
mistake of eonsiderino- tlie fi‘W-veined wino- as the startino' point and 
the many-veined wino- us tlu' aeipiired condition. In the Lepidoptera 
a wino'-t\ p(‘ like that o<‘.currino’ in the Noctiiidm or Andiidie was con- 
sidered the o-eneralized condition, whili' the many-veined winc-s of the 
Ile])ialida^ and Micropterygidic wei’e looked upon as being at the sum- 
mit of specialization in that order. In the Diptera the wing of the 
Muscida* was taken as the starting point, and the extra veins found in 
the d'abanidm and Lc^ptida* were consid(n*ed as entirely new develop- 
ments and were given specdal nanuvs. The saiia' view was held liy 
writers on the llymeno])t('ra, wheiu' a wing type similai* to that found 
in tlie Spheciche was made use of. 

Our knowledg(‘ of th(‘ homology of the wing veins of insects is due 
to th(' work of si'veral investigators. TIk^ tirst one to consider this 
subject was Hermann Hagen. He published a paper Heber rationelle 
Bniennung des (Toaders in den Fliigeln der Insekten, but this had 
little more (dfect than to (‘all attention to the importance of the sub- 
j(H‘t. The tirst serious attempt to homologiz(‘ tlie Aving veins of 
insects of all orders Avas not undertaken until sixteen years later Avhen 
flosef K(^lten])acher'’ piiblislied a paper on a Vc'rgleiclumde Studien 
liber das Fliigelgeadiu* der Insi'kten, Avhi(‘h AA’^as an epocli-making Avork. 
L^nfortunately he made the serious mistake at the ]>eginning of his 
iiiATstigations of adopting the conclusions of Adolph;^' Avho, from a 
study of the deA (dopment of Aving A^eins, had concluded that th(‘ atuus 
A vere. of tAvo distinct kinds, concaA^e and convex. Th(' concave A’eins 
liad be(‘ii produced liy a thinning and the convex veins by a thickening 
of the' Aving membraiKg the former liy a pushing in of the trachea, the 
latter by the formation of chitinoiis lines and occiipii'd by traclnae 
only secondarily. Kedtenbacher lielieved furtlicu- that the Aving an as 
longitudinally plaited, consisting of alternate ridges and grooves, the 
coucav(‘ or pi‘imary veins Ixdng situated at the bottom of the grooves 
and th(' (*onvex or si'condary vtdns along th(‘ top of the ridges. He 
considered that in the pi*imitive insect the tAvo wings of each side 
AAcre fan-like in form and similar in ATiiation. like the wings of the 
Saltatorial Orthoptera and Ephemeridav Starting with such a manv- 
veined typ(‘. he Avas successful in homologizing the main stems of the 
])rincipal veins, but through his elibrts to apply the theory of Adolph, 

« For (‘xtciidcd l>il)liogra]>hi(‘s of paj (*rs dealing with the wing veins of insects the 
following should l)e eonsnlted: 

II. J. Kolbe. Fanfiihi'inig in di<‘ Keiintniss der Insecten. ISiKL Pp. 269-271. 

A. S. Packard. T('xt-))ook of IAit(^inology. 1898. P]>. 147-148. 

Ilt'rinann Hagen. Stett. Ent. Zeit., XXXI, 1870, pp. .‘)10-320. 

Josef Redt(‘nbacher. Ann. k. k. Xatnrh. Ilofinns., I, 1880, pp. 153-232. 

Ernst Adol])b. Ueber Insectenliugel. 1879. 
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he was led into s(M*i(His (otois in homolo^izino* th(‘ tij)s of the veins. 
In eoinpariiig tlie f(‘W veined wino*s of tlie Le|)idoi)tera, l)i})t('ra, and 
Ilymenoptem, where ])ra(*tieally all the eoncav(‘ veins are wantino-, 
with Ids primitive' fan-typ<‘ of winu*. h(‘ cemeliuh'd tliat fully one-half 
of the veins had l)('en lost. He was the first to di'vise a uniform 
nomenclature and to aj)])ly it to all the orders of winoed insects. 
Heo-innino’ with the front margin of tl)(' wino\ tln‘ ve'ins we're named 
e*e)sta, sul)costa. raelins, me'dia, culeitus, anel anal. The' e*e>nve'x veins 
were desio-nate'el by e^elel Ue)man numerals, ee)sta by K radius l)y III, 
me'dia by V, cul)itus by \ II, and tin' conve*x anal ve'ins by IX, XI, 
XIII, e'te., the' e*e)ncave* \ e‘ins l)y eve'u Roman nume*i*als, sul)ce>sta 1)V II, 
the' e‘e)ncave‘ anal veins by \HII, X, XI 1, e'tc., the^ e*one*ave' veins IV 
and VI beino* left imname'd. The bi-ane*he‘s of the veins we're desii»*- 
nate'el by Ara))ic mime'rals ap])eiKle'd as indices te> the Roman numerals 
the' Arabic inelie'i's beiiu>’ odd or even in accordane'e with whe'ther the 
yr\i\s vere eoiivex or e-oncave. 

Redtenbachei- in con june‘tie)n with Braue'i’ in Kin Be'itrai^’ zur Ent 
wie'kliino des Fl(io*(doeade‘rs de'i’ Insekten.'' fi'e)iii a study of the devel- 
e)})ment of the ve'ins in the wino- of a nymph of an .Kschnid, [)roveel 
that botli ce)ne‘ave and conve'x veins are ]4i’eea'.de'd by trachea' and are* 
therefore sindlar in e>rio*in and ce)nse'e|ue'ntly e‘om})le'tely u))set the 
e'onclusions of Ade)lph. 

S])uler in in n jiape'r. Ziir Jdiylogn'uie und Onto^e'ido eles Flii- 

o-elo’cade'rs der Schme*tte'rlinoe',''yo'a\ e the* results of an inva^stio-atiem e>f 
the trae'hea' that pre'eede the* wing \ eins, elete*rmine'd the type e)f the 
lepide)pterous wing, and was the* tirst te> re'ce)gnize* that radius in the 
hind wings of this e>i*de'i' has e)uly two branches. A moditie'd fe)rm of 
the Redtenbacher ne)tatie>n was ade)pted. the* ve'ins being numbe'ix'd 
conse*e*uti\ ely wiili Roman numei'als and Ai*abic indices regardless of 
their e)idgin, Redteu))ae‘hei’'s ve'ins \\ and \'I be'ing entirely disre- 
garded. Hnfortimat.ely. howeve'i*, he* e)vei*looked the traedie'aof ce)sta, 
vein 1, and be*gan his numbei’s with tlie second e>f tin* [irine'ijial \ eins. 

The* folh)wing ye^ir Vomstoe'k' published the* results eif a gene'ral 
investigation of wing \ eins, with s])e*cial referene'e* to the* Le'pidoptera. 
From a comparative stuely of the* wings e>f carboniferems insects he 
showed that the* twe> jiairseif wings we're similar in form and venatiein, 
the nie)st generalized fe)i’ms be'ing found amemg the carboniferous 
cockroae-hes, where, with one* e'xception — tlie anal furrow, vein \HII — 
all of the veins are ceinve'X, while* none of the wings are* jilaited. He 
fuidher showed that the fan-type of wing assumed )>v Redtenliaclier as 
the ])rimitive ty]je was an extre'iue type of spe'cialization for a par- 
ticular kind of flight, and that instead of regularly alternating e*oncave 

'' F. BiRuer and J. Redtenbaclu'r. Zool. Aiiz., XI, ISSS, pj). 444-447. 

^A. Spult*r. Zeit. Wisss. Znul., Idll, 1892, pj>. 597-H48. 

J. H. Coinstix'k. Wilder (^narte'i-Century Book, 1898, pp. 87-113. 
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and convex veins the concaves veins are se(*ondarv in origin, being 
either inoditi('d convex veins or veins that lnn (‘ aristni de novo. The 
(‘oneave v(dns having arisen to meet two distinct needs - tirst, in tiarse 
insects wh(M*e tlie wings an' broadly expanded so as to tit them for a 
sliding flight ther(‘ is a la'cessity for a plaiting of the wings when not 
in nse so as not to impedt' locomotion on foot; and second, where the 
width of the wings has heem greatly reduced to tit them foi* a rapid 
vigorous flight and the wings have bei'ii corrugated so as to sti^engtlK'n 
them. The (‘oneave veins IV and ^^I, h(‘re naiiK'd premedia'’ and 
"" postnn'dia,'’ respectively, wen' considc'ia'd as wanting not oidy in the 
L('])idoptera. hut al>o in tin* primitive ins('ct's wing. Tliey were con- 
sidei-ed to he prc'sent only in those highly s])('cialized wings of modern 
ins(‘c*ts wlu're a corrugation of the wing has arisen. The nomen- 
clature' of Redt('nl)aeher was adopted in all details, except tliat the 
branches of the veins were numbe'red <‘onseeutivel y with Arabic 
indi(‘ 0 s regardless as to whether they were' com ('x or concave. 

Paekai*d/^ in 18h.5, gave an abstract of Spnlei-'s paper mentioned 
above', in which the nomenclature' e>f Spider is followed. Apparently, 
if we may judge from his labeling e>f a ne)te)dontid wing, he has over- 
le)oke'd e>ne‘ of the nie)st important facts eliscovei-cd by Spider, namely, 
that the radius of the hind wings of the Lepide)])tera consists of two 
braiH'he's. 

In a Manual for the Study of Insects, pu))lished during the same 
ye^ar, the' homology e>f the wing vedns in the ordt'rs Lepideiptera. Dip- 
tei*a, and llymenoptera was e*arefully de'termine'd and named in accoi‘d- 
ance with the modified Hedtenbacher notatie)n. The concave veins IV 
and were shown to l)e wanting in the'se ordei’s, but were su])posed 
to be' present as se'condary developments in those' orders where the 
fan-type e>f wing existed. 

In fS97 (V)iustock anel Needham^’ began jointly the publication of a 
seides of articles on the' wings of insects of all orders. This im esti- 
gation was deveh)ped ale>ng two distilled lines and all the accessible 
material of all the orders e)f winge'd insects was examined. First, 
wherever peissible, a careful study was made' e>f the tracheie which 
])rece'de the' veins in the wings e>f immature insects; and, sce*ond, th('re 
was made a morphological comparison of the veins in the wings of 
adult insee'ts. The following impeirtant results were reached: 

First. That the cone'ave veins J\" anel VI are wanting in the wings 
of all inse'cts. 

Second. That the primitive insec'Fs wings had comparatively few 
veins. These veins wei*e eight in mimlie'r. Beginning with the front 

A. S. Packard. lVy<'hc, VI 1, LSD5, ]>p. !^:;r>-241. 

J. II. and A. 1>. Conistoe'k. Ithaca, N. V., 1895. 

H. (^onisto(*k ami ,1. (t. Needham. The' Wings of Insects, Amer. Nat., 
XXXII anel XXXIII, 1898 and 1899. 
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of tlie they are costa uii))raiiehe(L sii})costa with two 

hrnnches, radius with Hve branches, media with four branches, cubitus 
with two branches, and three unbranehed anal veins. 

Third. That the moditieation in the nuniljer of wing* veins of insects 
luiN ])i'oceeded alono- two distinct lines, the specialization of win^’ veins 
i>y reduction and the specdalization of wino- veins by addition. The 
foriuei* is illustrated i)v the winos of the oi ders Le])ido|)tera, Diptera, 
and Hvmenoptera; and the latter by the winos of the orders ()i‘thop- 
tera, Epheinerida, and Neuroptera. 

Fourth. The development of a hypothetical wino- type, which was 
])elieved to re})resent the maximum numbei*, tlie arrano-ement, and 
the method of branching of the V(uns of the' primitive* insect's wing*. 
This hy])othetical ty])c was shown to l)e of primary im])urtain*e in 
determining* the homology of tin* wing veins of insects of all orders. 

The terminology of Kedt(‘nbacher had been applied in so manj^ dif- 
ferent ways by ])revioiis investigators that th(‘s<* writeu's made use of 
a ditlerent system of notation. They adopted tin* names of tin* stems 
of the veins as usenl ))V Kedtenbacher and usenl abbrc'viations of th(*se^ 
names to designate^ tin* veins, Arabic numerals Inking added as indices 
to the abbreviations for designating the l)ranch(*s of tlie veins. Tin* 
abl)reviations used were tin* following: costa, C; sulx‘osta, Sc; radius, 
K; media, M; cubitus, Cu; and the anal veins as 1st A, 2d A, and 
bd A. 

In Enderlein, in a discussion of an abnormal sp(*cimen of 

fhs gives the r(*sults of an extended inv(*stigation of the 
interrelation of the wing and body tracliea*. The trachea* of (*ach 
wing is divided into two systems, the i*adiaJ and the medial, tin* 
former including tin* costa, subcosta, and radius; the latter, media, 
cubitus, anal, and axillary veins. It is unfortunate that this wi*iter 
did not study SOUK* of the generalized Lepidoptera. such as the ll(*pia- 
lida*. It has been amply pi’oven that in certain of tin* lower orders of 
ins(‘cts, as the Flecoi)tera, tln*re an*, two tracheal trunks, tin* anterior 
giving rise to costa, subcosta, radius, and media; the post(‘rior, to 
cubitus and the anal veins. That this was probal)ly tlie primitive 
condition in the* Lepidoptera is shown by the adult wings of cei'tain 
species of lLep'ud\ix in which media anastomoses witli cubitus for a 
short distance, bends al)ruptly toward the radius, joins it, and coa- 
lesces with it to the base of the wing*. In most Lepidoptera this l)asal 
connection between media and radius has bet*n lost, l)ut the condition 
found in Heptalui< would seem to indicate that the ari'angement of 
the veins into systems as shown by Enderlein was probably an 
a(‘<|uired one. He has shown (‘onclusi vely that costa of l)otli wings is 

« Dr. (t. Enderlein. Eine einseitiye lleinmengsbildiing bei Telea polvplieinns 
voin ontogenetischen Staiulpiinkt. Ein Beitrag znr Kenntniss der Ent\vi< klnng der 
^chmetterli nge. Zool. Jahrb., XVI, in02. Part 4. 
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iihvnys [)ro(‘(Hled ])V ti tnichra and that in (‘ortain cases this is the most 
prominent trachea in the winy*. The tracheal trunks behind cnbitns 
are divided into two groups. The anterior lie has called tln^ anal group 
and th(‘ posterior the axillary group. The moditied Redtenbachei* 
noinenclatiin' nsi'd by Comstock and N(‘edham is adopted. 

From a study, (‘xtending over a period of several years, of the 
wing-veins of the supei'fainily Tiuithredinoidea, which contains all th(‘ 
generalizi'd wings found in the ordiu* 1 lymenoptera, I am convinced 
that the homologies ('staldished for the Hymcnoptera by Comstock in 
his ^Manual for the Study of Insects, and farther ela))orated by Coin- 
stock and Needham, nw cornad, and tluw are accej)ted and followed 
in this paper. An attempt will b(‘ inad(‘ here to explain some details 
of the llymenojDterous wing as ('xemplitied by the Tcnthnaliiioidea 
and not discussed by these inv(‘stigators. 

II. GENERAL CONSIDERATIONS. 

Jn determining tli(‘ homology of the wing-veins of insi'cts, conclu- 
sions ai*(' reached l>y two different methods. Pdrst, by a study of the 
ontogonv of th(' wing-V(dns, which consists of a careful examination 
of th(' tracheation that precedes the veins and a comparison of it with 
the wing- veins of the pupa and adult. As a rule, cross- veins ai*e not 
pr<‘ceded by trachea' , so that this iiK'thod, where it can Ix' ap])lied, is 
of the gri'atest importance in determining the course and ('xtent of the 
principal veins and their liranches. Second, ])v a study of th(' phy- 
logeny of tin* wing-V(*ins, which consists of a careful comparison of the 
progressive modilications found in the wings of adult insects. By this 
method, the accuracy of the results di'pend on the skill of the investi- 
gator in deciphering th<' record. 

It has been shown liy Comstock and Needham'^ that an ontogenetic 
stndv of th(‘ wings of the Hymeno]:itera is not of any value in detei*- 
mining the homology of the veins, and 1 can not do better than (piotc' 
their account : 

The imi>ortance of this method of wtiuly iias ))(‘en well shown by the resultw w<‘ 
have obtained. But we also found that in the Triehojdera there is little eoiTelation 
between tlu* venation and the tracheation of the win^^s, a remarkable reduction of tlu‘ 
wing tracheie having taken place. A similar reduction of the tracheie <»f th(‘ wings 
exists in most families of Diptera; and even when a lai'ge j)roportion of the trachea* 
are retained, as in certain Asilids, they afford little aid in the determining of tlu* 
homologies of tin* wing-veins. For this reason we omitted a discussion of the 
tracheation of the wings of Diptera. Again, in the Hymenoptera we find that 
the courses of the trachea* can not be depended upon for determining the homologies 
of the wing-veins. I>ut here, in the more generalized members of the order, we 
tind a very <*om})lett* system of wing-trachea*, and it is, therefore, incumbent on us 
eithe'r to i>oint out the com'spondence between tin* trncheje and the wing-veins, or 
to demonstrato that such a correspondence does not exist. 

«,1. H. t'omstock and J. (1, Xeedham. Amer. Nat., XXXII, 1S9S, }>p. 421-422. 
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In the Ilymenoptera, as we have shown, the courses of the branciies of tlie forked 
veins, in those forms wliere they have been preserved, have Ijeen so modified that 
these branches extend more or less transversely, making sharp angles with the main 
stems. It is not strange, therefore, that the trachea^ of the wings of the pupa lying 
free within the wing-sac, have not followed these changes. 

It was found, howeverj that this is not the explanation of the change. An exami- 
nation of the wings of young pupm of the honey-bee revealed the fact tliat in this 
insect the laying out (>f the wing- venation precedes the tracheation of the wing. 
After the wing-veins reach that stage of development in which they appear as pale 
bands, the trache;e grow out from the base of the wing into them. 

It is obvious that trachea^ (levelo}>ed in this way will follow the paths offering the 
least resistance to their progress; and that it is not to be expected that the tracheic 
will preserve their ]>rimitive arrangement under these conditions. This brings us to 
the conclusion, already announced, that in determining the homologies of the wing- 
veins in the IIyineno})tera we are forced to base our conclusions on a study of the 
veins themselves, and that a method of study which is of the highest imi)ortance in 
determining the homologies of the wing-veins in many other insects, is of little use 
here for this special purpose. 

From the results just oiven it is evident that we must depend 
entirely on a careful comparison of the wing-veins of the Tenthredi- 
noidea, part by part, for a determination of their homology. Before 
considering the special modifications of wing-veins, some discussion is 
necessary of the manner in which the veins may be moditied or reduced 
in number and the resultant reduction or combination of cells. 

A reduction in the number of wing-veins may take place in two 
ways — first, by the coalescence of two or more adjacent veins; and 
second, by the atrophy of a whole or a part of a vein. The first 
method of reduction, coalescence, may proceed in three ways — first, 
by the coalescence of principal veins or branches from the l)ase of the 
wing toward the margin; second, by the coalescence of the tips of 
veins or l)ranches from the margin of the wing toward the base; and 
third, by the coming together of two veins at some point more or less 
remote from the margin of the wing and th(‘ir coalescence for a greater 
or less distance. This third type of coalescence is generally spoken of 
as anastomosis. The modern hymenopterous type of wing has been 
produced, as Avill be described later, by a combination of all three of 
these methods. 

The second method of reduction, atrophy, or the fading out of the 
whole or a paid of a vein, is the means by which most of the changes 
found in the modern hymenopterous wing are brought about. 

When two or more branches oi‘ any of the principal veins coalesce, 
this fact is indicated l)y placing a plus sign (+) between the abbrevia- 
tions of the veins that have combined. If, for example, and 
coalesce, the legend would be R2+3; whde if any of the principal veins 
combine, as K, M, and Cu, it would be written thus: R+M+Cu. This 
implies that not only the braiiches of the same vein, but that the stems 
of the difierent veins, as well as the bi’anches of difi'erent veins, may 
coalesce. 

Proc. X. M. vol. xxix — 05 58 
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The cells of the wing are naniecl by applying to them the abbrevia- 
tions of the vein forming its front margin, the group of cells at the 
base of the wing (tig. 1), being designated by the abbreviations of the 
principal veins, while the group of cells at the apex of the wing ai'e 
designated by the branches of the veins. It should be borne in mind 
that when the vein forming the front margin of a cell is a composite 
one, as IT+3, the cell behind this vein is not ^^3' tlie cell 

having been obliterated bv the yoalescence of the veins Rg and 
When cells are divided by a cross-vein, as cell the l)asal portion is 
spoken of as 1 st Mg and the marginal portion as 2 d ]\I2. In labeling 
the figures of entire wings, the names of the veins are put either on 
the veins or near them, and an arrow placed to indicate the vein to 
which the name applies, or at their apices around the wing margin, 
while the names of the cells are placed within the cells to which they 
apply. 

All that portion of a vein that does not coalesce with an}^ other vein 
is spoken of as the free part of that vein. If media be taken as an 
example, then all that portion of ^1^ between the point where it sepa- 
rates from ^Ig and the margin of the wing would ]>e the fi’ee part of 
Mj. In the following pages the origin of particular veins is frequently 
spoken of. Bv this is meant the point or place where the}" separate or 
fork and does not refer to the actual point of origin. If media be 
taken again as an example, the point where M^ separates from Mg 
would be considered as the origin of the free part of M^. 

Although there are no facts in supjmrt of the method here given, 
and although it implies a condition much more generalized than is 
found in the hypothetical type, yet I have always found it easier in 
working out the homology of veins myself, and also in explaining 
venational pi'oblems to others, to consider eacli of the branches of any 
vein as extending from the base to the margin of the wing. If radius 
and its live branches l)e taken as an example, the stem part, always 
designated as R, would )>e considered as being a combination of all 
the branches of radius, or as Rj+g+g+^+r,. wliich divides into R^ and R^. 
In like manner the stem of the ladial sector would l)e considei‘ed as 
])eing a combination of all the branches of the I’adial sectoi’, or as 
Rg+3P^+,^, which divides into Rg+g and R4+5, and these in turn iiito li, 
and Rg, and R^ and R-, respectively. 80 that \u tracing out the course 
of any of the branches of radius by drawing a pencil along them, as R^, 
beginning at the base of the wing, we would pass first over the stem 
of R. then over the stem of the I’adial sector, then over R4+5, and 
tinall}" over the free part of R^. 
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III.— THE ORIGIN OF THE HYMENOPTEROUS TYPE. 

In order that the reader can follow more intelligently the later 
discussions, the following genei’al description of the origin of the 
wing of the Ilyinenoptera is introduced at this point. Use has been 
made of the following siU'ies of hypothetical figures to show how the 
existing arrangement of wing- veins was in all probability developed 
from a wing similar to that of tlie Comstock and Needham hypotheti- 
cal type. This seri(\s begins, thej-efore. with this hypothetical type 
and concludes witli a tv])ical generalized hymenopteroiis wing, which 
is the wing of ^[avro,nj(4a ferr^njirHuf to which has been added the 
free part of Cu.,. To the hypothetical type I have added the cross- 
veins which are })resent in hymenopteroiis wings. These cross-veins 
are as follows: 

The i*adial cross-vein /*. situated between Kj and li.g this is wanting 
in the Hymenoptera only in certain genera of the Tenthredinoidea. 




The radio-medial cross-vein situated between radius and 

media. 

The medial ci*oss-vein uo situated between and 

The medio-cnbital cross-vein situated between media and 

cubitus. 

Beginning with the anal veins, the veins will be taken up in order, 
proceeding from the hind to the front margin of the wing. 

The anal veins are three in number, simple, till the anal portion of 
the wing, and are known as 1st A, 2d A. and od A. The tir.st moditi- 
cation of the anal veins to be noted is the coalescence of the tips of 2d 
A and 3d A, resulting in the closing of the second anal cell at the 
margin of the wing (tig. 2), This coalescence proceeds farther and 
^ farther and the 1st A migi’ates toward the combined tip of 2d A and 
3d A and combines with it, shoving the second anal cell toward the 
base of the wing and closing the first anal cell at the margin (tigs, 3-4). 
Coincident with this apical (‘oalescence, the base of 2d A migrates 
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forward to the ha.se of 1st A, combines with it, and closes the first 
anal cell at base as well as at apex (figs» 4-5). The further modifi- 
cations of the anal veins and cells are all the result of this coalescence 
continued at apex and base until the free part of 2d A appears as a 
cross vein just beyond the middle of the c(dl, while the apex of the 
cell bears an elongate, simple, spur-like vein formed by the combined 




union of the three anal veins (figs. 7-8). We thus have formed what 
is known to the students of the Tenthredinoidea as the lanceolate 
cell, which is in reality two very ditferent cells. The modifications 
of the lanceolate cell serve as excellent characters for tracing the 
phvlogeny of the family Tenthredinuhe and for dividing it into smaller 
groups. 

The cubitus, Cn, is a forked vein lying just in front of the three 
anal veins (fig. 1). The two branches of cubitus, Ciij and Ciij,, migrate 




toward the combined tip of the anal veins (fig. 3) and coalesce with it 
(figs. 4-5). By this means, first, the cell Cu and then the cell Cu^ are 
c1os(h1 at the margin of the wing. The branches of cubitus after 
com})ining with the united tip of the anal veins, follow along the front 
margin of 1st A, coalescing with it more and moi*e, and at the same 
time crowding the cells Cu and Cu, farther and farther away from the 
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iiuirgin of the winy* (tio-s. (>- 7 ), This coalescence continues until the 
free parts of Cui and Cu.^ appear like short cross-v^eins near the middle 
of the wing-. At the same time that the apices of the l)ranches of 
cubitus are combining with the anal veins, the base of cul)itus migrates 
toward the front margin of the wing, combines with the united base 
of radius and media (tigs, d-8), and closes the base of the cell ^1. 
With the migration forward of the base of cubitus, the combined 
bases of 1st A and A, also migrate forward to till the space vacated 
by the base of cul)itus. 

The media, i\I, lies just in front of and parallel with the cubitus (hg. 
1 ). Mear the middle of the wing it divides into two branches, each of 
which divides again. With the migration and coalescence of the tips 
of cubitus and anal veins there begins also a migration of the three 
posterior branches of the media (tigs. 2 - 5 ). eventualh" combines 
with the combined tip of the anal veins and ciilutus, closing the cell 
at the margin of the wing (tig. 0), migrates along this vein, and 




combines with the tip of the free part of Cu,, crowding the cell 
back still farther from the w ing margin (tigs. 7 - 8 ). Mg, pulled along 
by the same force that combined with the anal veins and cubitus, 
migrates along the margin of the wing and combines w ith the tip of 
the spur-like vein situated at the apex of the tirst anal cell. In this 
way the cell Mg is closed at the margin of the wing. The spur-like 
tip now^ consists of the combined anal, cubitus, and two posterior 
branches of media. The tip of the vein 1st A+2d A+ 3 d A+C111-2+ 
M3+4 has been lost, so as to permit of the folding of the posterior 
margin of the wing where the hooks of the hind wing are fastened. 
Mg, tied to Mg by the medial cross-vein, is also pulled around the wing 
margin, changing from a longitudinal to a transverse position, while 
the medial cross-vein is transformed from a vein extending trans- 
versely to one extending longitudinally (tigs. 5 - 7 ). The tirst branch 
of media maintains its primitive position near the middle of the wing 
throughout the entire series. The stem of media very earlv migrates 
foiwvard and combines w ith the stem of radius (tigs, d- 7 ), thus com- 
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pletely closing the base of tlie c(']l K. This coalesceiiee eontimies 
until the stem of media mid the stem of radius are eombiued for 
almost their entire length, while the cell K is crowded toward the 
middle of the wing* and is found as a small trapezoidal-shaped area 
near the base of the stigma (tigs. T-8). • 

The radius, K, lies just in front of media (tig. 1). Near the middle 
of the wing it breaks up into tive branches. In its primitive condi- 
tion radius divides by a series of characteristic dichotomies, separating 
tirst into two unequal parts, and a large ])art which, together with 
all its branches, is known as the radial sector. The radial sector 
divides into two equal branches, each of which in turn divide into two 
more branches. This characteristic dichotomy is entirely lost in the 
Hymenoptera. The suppression of the dichotomy of the radius has 
been brought about by the coalescence of the stems R^+g and R4+5. 
This coalescence has proceeded so far that the branches of the sector 
now arise from a common stem (tigs. 2-3). With the coalescence of 




the. stems of R0+3 and R4+5, Iq and R^ begin to migrate toward the 
apex of the wing, to stitten the area vacated by R^ and R^, which have 
migrated toward the tip of ]\lj (tigs. 2-4). R^ and each in turn 
coalesc(‘s with ]\[j and closes the cells R^ and R^ at the margin of the 
wing. The coalescence proceeds farther and farther until the free 
parts of R- and R^ appear like cross-veins extending between Rg and 
Mj, and the cells R- and R^ as quadrangular areas witlnn the disk of 
the wing (tigs. 5-T). The primitive (‘ondition maintained by near 
the middle of the wing is undoubtedly due to the earlv coalescence of 
Rr, and R^ with it and holding it in place. 

The subcosta. Sc, lies just in front of the radius and parallel with it. 
It breaks up into two branches, ric^ and Scg, near the margin of the wing 
(tig. 1). The anterior branch is preserved in practically its primitive 
condition throughout the series. The posterior branch bends down 
and touches Rj (tig. 2), with which it anastomoses more and more 
(tigs. 4-6), until thei*e is onlv a small portion of the distal end free 
^tig. T). This anastomosing of Scg and R^ divides the cell Sc into 
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two distinct j)arts, a lon^* l)asal portion Sc and a small area at the 
apex of the small free part of the vein Sc^ and in fi'ont of tln‘ vein 
Kj. This cell in all Hymenoptera is strono-ly chitinized and is known 
as the stigma. 

The costa. is situated on the front margin of the wing and does 
not undergo any marked inoditications. 




Thus far th(U*e has been considered only a hypothesis as to how the 
most generalized lyynienopterons wing known could have been formed. 
The data upon which this In^pothesis is founded is not original with the 
writer but is based on facts lirst pointed out l)y Prof. J. H. Comstock 
in his ^lanual for the Study of Insects and Elements of Insi'cts Anatomy. 
L('t us now look at a few of these facts on which this hypothesis is 
based. If a candul study be made of a number of wings of the 
Diptera. one of the most striking facts noted will be that “there is a 




marked tendency for veins to coalesce from the margin of the wing 
toward the base.’' In fact, if the wing of J/o/as (hg. liS) be examined, 
it will be seen that a larger proportion of the veins are coalesced at 
apex than in any known hymenopterous wing. If Cii^ and Isl A be 
examined in the wings of Pantnrhe^ (tig. 21), Era,c (tig. 22), Tahaxx.^ 
(tig. 23), Sct )io2>oiu-^{^g. 2d). liJuunphotnyla (tig. 25), and J//cscv/(tig. 2d), 



582 



J'nOcKJ-JDIXdS OF TIIK XATIOXAL MVsEni. 



VOL. XXIX. 



in the order named, there will he found a eoniplete series showing' how 
Cug has combined with 1st A. It is ti’iie tliat only one branch of 
cubitus has combined with the anal vein, yet it shows how this coales- 
cence proceeds. When the medial ai’ea of luui.r (tio*. 22) is examined 
it will be noted that Mg and Ciij have coalesced at apex, crowding’ the 
cell Mg back from the maro-in of the wino- ju.st as cell M^ is pushed back 
in the hymenopterous wino*, iind it does not need a lono* stretch of the 
imao’ination to understand what would be the result if the vein Mg+Cu^ 
were to migrate towai-d the apex of the vein 1st A, as has occurred 
in the Hymenoptera. The wing of AVe.c shows also how, through 
the combination of the apices of the veins, the medial cross-vein has 
been swung around from a transverse to a longitudinal position. This 
same condition is also shown in the wing of Pantarhes (lig. 21), where 
the medial cross vein and the first three branches of media assume a 
position almost identical with that found in the Hymenoptera. It also 
shows how the branches of R5 and M^ have coalesced, the only ditfer- 




ence in the Hymenoptera being that this condition has proceeded much 
farthei* and also has combined with M^. This condition found in 
Pantarhes is not peculiar to this wing, but is also found in Pi puncuha^^ 
(hnojjs 27), most Syrphidte, and many Calyptrate Muscidje. The 
wing of 3[ld<(s (fig. 28) is an interesting example of how far this 
apical coalescence may proceed. In this wing the coalescence takes 
place in a difiei’ent direction, but is just as peilinent to the point in 
hand. Here veins R^. and R^, have coalesced with Rj in just 
the same way that R^ and R^ have coalesced with Mj in the Hymenop- 
tera, the difi'erence being that in the Hymenoptera only two veins 
coalesce while in this diptei'ous wing three veins have coalesced and 
the fourth vein has migrated up to the tip of R^. Both branches of 
subcosta are preserved in but veiy few insects and the peculiar anasto- 
mosis of S(\g and R^ and the formation of the stigma are paralleled in 
the wings of the Plecoptera. In the genus Xeinonra (fig. 29), the 
anastomosis extends for only a short distance, while in the genus 
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Tac}ii(>i)trrn.i^ (tio\ rJo), tho nnnstoinosis is U)V almost the entire length 
of 8co, resulting in a eondition similar to that found in the generalized 
Tenthredi noidea. 

IV.—A STUDY OF THE WING AREAS. 

As already indicated, the wings of insects may he divided into six 
well-marked areas, an area for each of the principal veins. It is true 
that these areas are closely interlocked in the Tenth redinoidea, l)ut 
this seems the most logical way of approaching the sul)ject. An 
attempt will he made here to describe the most important moditications 
found in the wings of existing genera. 

1. THE FRONT WINOS. 

In all insects where the wings of a side are closely fastened together 
for unison in tlight, there is a great ditference in the amount of reduc- 
tion found in the two wings. It is a well-established fact that that 
animal whos(^ wings appi'oxiinate most nearW a triangle in outline is 
the most efficient dyer. For this reason it is apparent that when the 
wings are of this type, as in th(‘ order llyinenoptera, the hind wings 
are always the ones to undergo the greahu* amount of I’eduction, and 
consequently it has l>een found necessary to discuss the areas of the 
two wings separately. 

THE COSTAL AREA. 

(k)sta is a simple straight vein of the same width throughout in 
the LydidcC (tigs. 36-43), Xj^elidic (ligs. 31-35), and Megalodonthhe 
(tig. hli). In most genera, as /AV c/vav (tig, 411), (tig. 68), Blen- 

hocauqni (tig. 7*J), and Ertocfunpa (tig. 47), it is decidedly thickened at 
apex, spatulate in outline, while in the Cimhicin."e (tigs. 56-60), it is 
thickened throughout its entire length and lies adjacent to 8c + K + M, 
practically s([ueezing out the costal and subcostal cells. 

A peculiar condition found in most of tln^ Tenthi'edinoidea, though 
not occurring outside this superfamily, so far as I have been able to 
observe, is a hinge-like thinning out of the margin of the wing at the 
base of the stigma. It is present in all the genera excej)t the large- 
bodied, active species of the family 8iricida" (tigs, 86-61), and the 
subfamilies Cimbicina? (tigs. 56-66) and Pterygopherina (tig. 81). It 
represents the space on the maigin of the wing betw(‘en the apex of 
the costa and the point where the second branch of subcosta joins the 
margin. In those forms where this structure is wanting it has been 
chitinized secondarilv, and even here its position can often be detected 
because the band of chitin closing the space is not so broad as it is on 
either side of it. 

The humeral cross v(dn, situated at the base of the wing between 
costa and subcosta, is one of the most constant of the cross veins found 
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in tlu‘ otluM’ ordorjs of insects. In the T(‘ntlm‘(linoide}i it is present 
only in Maemxyeht ferr^ujfuea^ and (‘ven hen' is only faintly indicated. 
In the Lydidie, there is a broad thickening at the base of suhcosta and 
a similar thickening in the Megalodontida' (tig. between costa and 
Sc+R + M that nia\^ be homologous with this cross-vein. 



THE srnrosT.u. are.v. 

Subcosta does not occur in the llymenoptera outside the superfamily 
Tenthredinoidea, and here only in the families Xyelidje (tigs. 31-85) 
and Lydida' (tigs. 30-48). In most of the genera of these families 
suhcosta extends midway between costa and R+^1. Near its apex it 
divides into Sc^, which ends in the margin of the wing\ and Scg, which 
anastomoses with R+M and ends in the margin of the wing at the base 
of the stigma. Behind the stem of suhcosta there is found the cell Sc 
and behind and beyond the vein Sci the cell Sc^. In Meifn.vyela (Hg. 
81) and Odontoplnjes (tig. 8iJ) the cell Sc^ is very smalk due to the 
great length of suhcosta. Suhcosta divides into Sc^ and Scg midway 
between the origin of media and the radial sector. In 2[acro,vyela (tig. 
88) this separation takes place just beyond the origin of media, while 
in the Lydidje this separation is a considerable distance before the 
origin of media. These wings show that there is a progressive migra- 
tion of the origin of Sc^ and Sc., from near the origin of the radial 
sector to a position near the base of the wing. In Xyela (fig. 85) and 
ManoxyeJa (fig. 84) tlie stem of suhcosta is closely appressed to R+M, 
though it is never coalesced with it. so far as I have been able to 
observe, almost obliterating the cell Sc and causing the branch Sc^ to 
extend like an obliijue cross-vein from R+iNI to the wing margin. In 
Xeurotoina (tig. 8fi) the free part of Scj has completely atrophied, while 
the remaind(‘r of the vein is normal. An interesting related condition 
is found in c(U*tain of the large species of Siricida', as Tmnex colarnha 
(fig. 91), where the area of the wing situated between costa and R+M 
is almost as strongly chitinized as the veins themselves. In wings 
mounted in balsam it is possible to trace as a pale line a condition of 
subcosta similar to that found in XeuroUnua, This seems to indicate 
that subcosta has been suppressed in two wa\^s, first, by the close 
appression of its stem to R-l-iM and its probable later coalescence with 
it, and, second, by the chitinization of the area between costa and 
R+M, and in this manner doing away with the necessit}" for a vein to 
stiffen this area. 

In all other Tenthredinoidea, where any portion of subcosta is pres- 
ent, other than the apex of Sc^, it is the free part of Sci. It extends 
as a cross-vein between costa nnd R+^I, and is usually spoken of bv 
the investigators on this superfamily as the intercostal cross-vein. It 
is generally situated just in front of the radial end of the medio- 
cubital cross-vein, except in Xiphydrta (fig. 85), where it is sometimes 
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opposite the })oint of origin of loedia, and in I)h\f ura (tig. 63), where 
it is distinetly l)eyond th(‘ radial (‘lul of this eross-\ ein. An iiiterest- 
ing nioditieation is found in th(‘ subfamily dVnthrediniine (tigs, 56-5S), 
wlnue K+M is l)ent at a prominent angle at tin' point where it is 
joined by Sc^. indicating a condition mor(‘ closely related to the Xv(‘* 
Vidiv and Lydidie than is found in the other members of the family 
T('nthredinkhe. Sc^ is best preserved in those genera where the nn'dio- 
ciibital cross-vein and the stem of are strongly diverg(*nt beliind. 

Jn fact, there s('ems to be a direct correlation between the divergence 
of these veins, the wideiiing of the area between costa and Sc+K-hM, 
and the pi*es(‘i vation of the fr(‘c part of Sc^. This is especially marked 
in the subfamily Xematiine (tig. 68). Tlie free j^art of 8cj is entirely 
wanting in the Cephida' (tigs. 93-h6). Oryssidie (fig. t>7), Cimbiciiiie 
(tigs. 56-60), and numerous g(mera of otln'i* groups as Lalndanje (tig. 
78), Phiillnfoinu (tig. 54), Harp '^ and Hhtsf icofoma (tig. 44); while 
in many genera, a^ Sfromhoceros{d^, 50), (tig. 46). and 2Jncro- 

/dn/(i (tig. 57) ther(‘ is a marked thinning out of the costal half of the 
vein, while in still other genera as Allaidifs and Atlmhd^ there is only 
a slight projection on tlie front margin of Sc+K + M. 

If the record has been cori*ectly interpreted, the free part of Sc^, 
as represented in the genus Dint urn (6g. 63), has undergone a doul)le 
migration. First, from near the stigma to the condition found in 
X[j(hi (tig. 35), as shown by the wings of the Xy(‘li(he and Lydiday and 
second, after the coalescenc(‘ of the stem of subcosta with It+AI, a 
remigration toward the stigma has resulted. • 

THE RADIAL AREA. 

Radius divides into and the radial sector just before the stigma, 
of which the vein Rj forms the hind margin, and beyond the stigma 
extends along just within the wing margin to or l)eyond the a])cx 
of R3. 

There is onl>^ one family of Hymenoptera, the Xyelida' (tigs. 31-35), 
in which all the branches of ladius are preseiit. In all the families 
except the one named the entire free part of R., has been o])literated. 

In the genus AlaenKidjela (tig. 33) R.^ arises about midway between 
the radial cross-vein and the origin of the free part of the vein R-; in 
ALiUuxvyela (hg. 34) it usually arises near the apex of the cell R^, though 
in the same species it niav in some specimens arise from the cell R5 
and in others be interstitial with the free part of the vein R^, and in 
Xyehi (tig. 35), although it normally arises from the (‘ell R^, yet it is 
sometimes interstitial with the free part of the vein R^. 

The radial cross-vein is situated between the vein R^ and the stem 
of the radial sector, dividing the cell R^ into two parts. Within cer- 
tain limits it is fairly constant in its position. In every case, so far 
as 1 have observed, its anterior end is joined to al)Out the middle of 
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the Its posterior end in the families Xyeliche (tio-s. 

and Cephidie (li^s. is attached iu‘ar the middle of tlie cell R.; 

in the Me^alodontida^ (tig*. D2) and Siricidje (tigs. 8()-hl), except the 
gmiera Trenu^.v (tig. hi) and Teredon (tig. 1)0). where it is joined to the 
cell R^, it is attached just beyond the middle of the cell R5; in 
the Lydidic (tigs. 3()-d3) it varies in position from just l)eyond the 
middle of the cell Rr, to the apex of this cell, and in some forms is 
interstitial with the free part of the vein Rr,. and in all other Tenthre- 
dinoidea it is attached near the middle of tin' cell R^, ('xcept in certain 
spe(‘ies of Tentlu'edopsis^ ScoUonennt (tig. 75), 2Iono])hadnm.^ Lycaotn 
(tig. 55), and IjJ^nmocampa (tig. 72), where it is interstitial with the 
free pai't of th(‘ vein R^, and in certain species of the genus ludiosys- 
phJnga (tig. 7^3). where it is attached to the cell R3, but this latter 
change is not due to a shifting of the ])osition of the radial cross-vein, 
but to a migration of the free part of the vein R^ towaird the base of 
the wing. The radial cross-vein is present in the wings of all Il^mie- 
noptera where the base of the radial sector is present other than those 
of a few groups of Tenthredinidae, Lophyriiije (tig. 45), Nenxatina^ 
(tig. t)8), Perreviina (tig. 80), Pergime (tig. 84), and Pterygopherime 
(hg. 81). 

The radio-medial cross-vein is rarely wanting, though in many 
genera it is so completely covt‘red by a lai*ge clear spot or bulla that 
it is often ditlicult to determine whether it is present or not. This 
condition is well shown in many Nematinay whei*e all stages from a 
distinct well-marked cross-vein to its total disappearance can be 
found. In othei* genera, as Tv(chh>M>ma (tig. 59), Clavtllaria (tig. GO), 
Oryxsi(i< (tig. 97), lud iosi/xphlnga (tig. 78), Arorduleeeni (tig. 88), and 
BlaMicotoHKC (tig. 44), all trace of the cross-vein has disappeared, 
while in Monifctenns (tig. G7) only the posterior half is wanting. In 
those genera, where this cross-vein is retained, it always appears as a 
transverse vein extending between the stem of the radial sector and 
the stem of inedia. In the Xyelidtv (tigs. 81-85) the medial end has 
swung toward the base of the wing so that it appears to be a contin- 
uation of the radial sector, while a portion of the stem of the radial 
sector appears to bi‘ the cross-vein. In certain genera of the Siri- 
cida\ as S!re,r (tig. 87-88) and Trenu^.r (tig. 91), the medial end has 
swung around stiM farther towai'd the l)aseof the wing so that it arises 
from the angle made by the trafisvei’se and longitudinal parts of the 
stem of media where it is joined by the inedio-eubital cross-vein, 
and in some s})ecies arises distinctly from the transverse part of 
ni(‘dia. 

The free part of Rr, is wanting in only a very few genera, as Dolerits 
(tig. 49), Lod< rus. Einira^ and Trenu.r (tig. 91). 

'Fhe free part of R^ so far as observed is never wanting in this super- 
family. It is not so constant in position as R^; in the Xyelidie (tigs. 



No.uas. IIX\V,',S' OF TIIF TEXTIinEI>IXOIIO:A~M.\cOnjJVRAr. 587 




Fig. 9.— Origin of the appendiculate 

CELL. M ACROX YELA FERRUGINEA; 

MoNO<'TENI’S JUMPERI; (\ Clavel- 
LARIA AMERIN.E; d, XlPHYDRIA 
CAMELUS; r, PERRYIA VITELLINA. 



;U-35) unci Lydidjp (lio*s. 86-48) it an obli(jiu‘ tninsvio’se vein situ 
ated neai' the inaro-iii of the win^\ In most Tenthn'diniche, as llopfo 
d(unpa (ho-. 61), fad las (tig. 66>), 7])t- 

tfivedo (tig. 56), and Dfiuaira (6g. 68), it 
is found in th<‘ apical third of the distance 
between the base of tlie sti^-ma and the 
apex of the win^^ while in a few genera, 
as Lof>ocar<(s (tig\ 82), Aaauhdecetui (Hg. 

88), and many llylotomina^ (lig*. 76), it is 
found near the middle of this area. 

In the apex of the wing of many Ten- 
th redinoidea, as Sired' and Tr<iaed' (tig. 
to, c), there is found a prominent spur- 
like projection from the apex of the cell 
The area included in front of this 
spur has been termed the ajipendiculate 
cell. As there is no vein forming the 
front margin of this cell, and as this name 
is in general use by th<^ investigators on 
this order, it will be used here. The 
origin of the appendlculate cell will be 
more readily understood if we examine 
this region tirst in certain genera where 

the appendiculate cell is not supposed to 
be present. If the front wing of almost 
any member of this snperfamily be ex- 
amined in this region, it will be noted 
that the portion of Rj beyond the stigma 
does not form the margin of tlie wing 
but is set in a short distance from it. 
This is especially marked in the genera 
}Lacrod‘yeJa{^^. Terdhvedo^^g. 56), 
Monoetenari (lig, 9, />), (Hadiar (tig. 66), 
and Stroiujylixjaster 51). It should 
be also noted that in all these wings Rj 
extends bcwond the point where it is 
joined by Kg. This is especially marked 
in nio^t Cimbicimw as CJo rdf aria (tig. 
9, c), where there is also a slight curving 
down of Rj at the point where Rg joins 
it. Now if this region at the apex cA R^ 
is (‘xannned in the following wings, it 
will be seen that tlu' forn)ation of th(‘ 
appendiculate cell is only a gradual modi- 
lication of the condition existing in the wing of (da reffaria. In 
Xi phydria (hg. 9, the bending down is slightly more prononn(‘ed 





Fig. 10.— Appendiculate cell, a, Die- 

LOCERUS F0KMO8US; h, CACIIYLOTA 
AUDOUINIl; c, I’TERYGOPHORUS CINCTU8; 
(/, Labidarge dibapha; r, Themex 
FUSCICORNIS. 
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yot not so pi’oinimMit that systeinatists have ascj'ihed an appendieiilate 
ctdl to this o’enus. In the o-enera PcnHyta (fio*. ^), Dielocevm (tig\ 
10, (t)^ Pf(^nj(joj)]ionis (hg. 10 Lahlchuye (tig. 10, d)^ Sirex (hgs. 87- 
88), and JWmex (tig. 10, e), all of which are considered as having an 
appendieiilate coll, there is a perfect series from the condition found 
in and (lavPlaria to those genera in which the appendic- 

ulate (*ell is well marked. This series also shows clearly that the vein 
projecting from the apex of the cell 2d Kj + R, in Tremex is not of 
secondary oi’igin but is vein Rj, whicli has moved in from the margin 
of the wing and that vein Rg ends at the point where it joins Rj. The 
formation of the appendiculate cell has arisen through the neccvssity 
for a stitlening of the apex of the wing. 

THE MEDIAL AREA. 

The point of separation of the stem of media from radius and the 
position of the medio-cubital cross-vein are so intimately associated 
that they will be discussed together. Media is found in its most primi- 
tive condition in the wings of Manoxyela (tig. 84), where it separates 
from radius verv nearly midway between the stigma and the base of 
the wing. It does not bend down at right angles, as is the case in 
most of the veins of the llymenoptera, l)ut l)ranches oti‘ in a manner 
similar to that found in the branches of radius and media in the dip- 
tei’ous wing. This has a marked etlect on the size and shape of the 
cell R, which is here three times as long as it is bi'oad at its widest 
point. The medio-cubital ci*oss-vein also occupies a very generalized 
position. It is located at the apex of the cell R, almost interstitial 
with the ladio-medial cross-A^ein, while in all other Tenthredinoidea it 
is found at or near the base of the cell R. In Macroxyela (tig. 33) we 
find a slight modification of the condition found in Manoxyela, Here 
media has combined with radius for a greater distance, separating 
from radius distinctly beyond the middle of the distance between tlie 
stigma and the base of the wing, while the cell R is only about twice 
as long as broad. The medio-cubital ci’oss-vein arises from near the 
apex of the cell R and is about the same length as the portion of 
media lietween it and radius, the two standing at about the same 
angle like the top of a Y. In all other Tenthredinoidea the media 
has coalesced with radius for a much greatei* distance — for at least 
three-fourths of that portion of radius extending between the stigma 
and the base of the wing. In Xiphydna (fig. 85) media arises vei-y 
much as in the wings just descril)cd and the medio-cubital cross-vein 
is transverse and placed just before the middle of the cell R. The 
wing of ()ry>^8tts (tig. b7) is another interesting example. In this wing 
the reduction in the number of wing veins has been carried farther 
than in any other Tenthredinoidea, yet as regards the origin of media 
and the position of the medio-cubital cross-vein it is practically the 
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s\\n\o n.s is fonnd in This is an interestino’ (‘xaniplc of 

how voiy spoc'ializod awing* may i)o in one part while in others it may 
have retained a very g’enei’alized condition. In the I^ydida" (tigs. 3(5-48) 
media arises in a maimei* similar to tliat just described, l)iit the imalio- 
ciil)ital ci-oss-vein is always many tiim\s longer than the ti*ansvcrse 
part of media and meets it soon after it sepai*ates from radius in the 
genera Bactwceros (tig. 41), (%‘pludeia (tig. 4^), Xi'nrotmna (lig. 30), Lio- 
lijda (tig. 43), and PtUhjdddhii-^ (tig, 30), while in the genera Ifi/corxid (tig. 
40), Cmiohjda (tig. 38), and Lyda (tig. 37) it arises in the angle fonned 
between radius and media. It is of interest to note that in the case of 
those genera where it arises in the angle between radius and media no 
part of the cross-vein has migrated onto radius, but that it is attached 
to the very base of media. In the anomalous genus B/aMicotoma (tig. 
44) media, after separating from radius, goes otf at a right angle for a 
short distance and then turns aluuptly towaid the apex of the wing, 
the anterior end of the cross-vein being joined to media at the point 
where the abrupt bend is made and the jjosterior end, instead of join 
ing culntus almost directly behind its anterior end, as in the general- 
ized families Xyclidie and Lydidie, has migrated along cubitus toward 
the base of the wing and extends toward media at an angle of about 
45 . In most Cephidse (tigs. 93-9(5) media arises as in the Lydidie and 
the cross-vein is in a similar position, but on tirst examination it 
appears to be very ditl'erent. This is due to the migration of the basid 
end of the radial sector toward the radial cross-vein and th(‘ migration 
of the radio-medial cross-vein toward the apex of the wing, in this 
way greatly increasing the size of the cell R. 

The modifications found in the family Tenth redinidie (tigs. 45-84) 
are a continuation of those just described. The cell R instead of 
being a large irregular area with no two sides parallel has l)een trans- 
formed into a small qiiadi*angular cell with the opposite sides parallel. 
Media has not changed its position materiall}" from that found in the 
Lydidje and Blasticotomida‘, but the medio-cubital cross-vein is very 
inconstant in its locatioi]. It is usually found in a position similar to 
that found in Blast icotoma (fig. 44), extending at an angle of about 45 . 
The posterior oi’ cubital end is fairly constant in [)osition, but the 
antei’ior end, from being attached to the base of media, as in PericHsta 
(tig. 69), swings toward the base of the wing; in AcordaJccera (tig. 83), 
Rhadhwiu ra (tig. 70), Lohoceras (tig. 8i^), Miaioctemis (fig-. (]7), and 
Perga (tig. 84) it is attached in the angle between radius and media; in 
Strongylogaster (tig. 51), Strondjoceros (tig. 50), !)<>]< r as (fig. 49), and 
Cladius (tig. 66) it is attached to radius just ]>efore the angle; in 
Macrophya (tig. 57), Pteronas (fig. (58), llogdocampa (tig. 61), and 
Dlaeura (tig. 63) it is attached to radius foi* a considerable distance 
before the angle, and, tinally, in Trlchiosoma (tig. 59) and ClaceUaria 



51)0 



PHoCElWIXaS OF THE XATIOXAL .\fESElAL 



VOL. XXIX. 



(tig. 00), it is attached as far distant from media as its own length, 
standing almost perpendicular between ladius and cubitus. 

In the wiiigs just described the inoditications of the origin of media 
and the changes in the position of the medio-cubital cross-vein marks 
out a distinct line of development, the changes proceeding from a 
generalized to a very specialized condition. 

The families Megalodontidie (tig. 02) and Siricida) (tigs. 86-01) illus- 
trate a very ditferent line of specialization. In those groups, when 
the cross-vein reaches a ])osition similar to that found in Xlpliydrla 
(tig. 85), it becomes iixed in its location and all further inoditications 
are due to the migiation of tla^ base of media. With the genus Xrrh 
(tig. 80), there is a jierpendicular transverse vein forming the apex of 
the cell At. The anterioi* half of this vein represents the transverse 
partot M and the posterior half the medio-cubital cross-vein. The 
peculiar condition found here has been brought about by the coales- 
cence of the base of media with radius to a point opposite the anterior 
end of the medio-cubital cross- vein. This coalescence has been carried 
farther and farther until in the genera Tr<’mex (fig. 91) and Megalo- 
t>2) the medial vein separates from radius distinetl}" beyond 
the apex of the anterior end of the medio-cubital cross-vein, while the 
vein forming the apex of the cell At is a fairly straight but very 
oblique vein with At apparently arising from its middle, as has been 
described. 

All the branches of media are fairly constant in position and dcpail 
but little fi'om the condition found in the typical hymenopterous 
wing. Only the more marked of these secondary giodifications will 
be discussed here. 

The transverse part of Al^ in many of the highly specialized genera 
of the Tenthredinidie, as Lohi>cera^ (tig. 82), Aeordidecem (tig. 88), 
Perreyf<( (tig. 80), and Dielocexas (tig. 79), has migrated toward the 
base of the wing so that the length of the medial cross-vein is gi*eatly 
reduced. In (tig. 97) the transverse i)art of Alg is entirely 

wanting, and if it were not for the presence of the tirst anal cell and 
the interrelation of the transverse part of A1 and the medio-cubital 
cross-vein, it might be easily mistaken for the wing of a Braconid. 

AI3+4 has undei-gone a slight modification in direction in many gen- 
era. This will be best understood if we look tirst at some of the 
genera of the Xyelida* (tigs. 81-35) and Lydida' (tigs. 80-43). In these 
genera it will be noted that if this vein were continued at the same 
angle to the margin of the wing that it would reach the margin at a 
point at or beyond the apex of the cell 1st A, while if the medio- 
cubital cross-vein ))C continued it would end near the free part of 2d 
A. If now we examine such geneia as I^feroniis (tig. 08), Iloploeantpa 
(tig. 01), j\r(fiioct<nin< 0)7), and (ladi ns 0)0), we find that with 
the marked migiation of the cul)ital end of tin* medio-cubital cross- 
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vein toward the ba*se of the wing tliere is a corresponding migration 
of the posterior end of the stem of toward the apex of the wing, 
and although tliis latter vein keeps relatively the same inelination. yet 
in these gemu’a it would end at oi- a litth' before the apex of the cell 1st 
A. As was pointed out above, there seems to be a marked correla- 
tion between the divei'genee of these veins and the widening of the 
cell C, together with a usually well preserved Sc,; an exception is 
found in the genera Lahklarge (tig. 78) and Bhidkotoma (tig. 44), 
whei’e the free part of Sc, is entirely wanting and cell C is hardly more 
than a line, l)ut this discrepancy is due to another cause, the ditierent 
way in which the stress exeiled in flight is transmitted fi-om tlie stigma 
to the anal margin of the wing, which is shown l)y the angulate condi- 
tion of M at the origin of the stem of If now we examine 

another series, as Xt pity dr hi (tig. 85) and X* rk (tig. 89), wher<‘ the 
medio-cubital cross-vein is transverse, we find that the posterior end 
of the stem of has migrated slightly toward the base of the wing 
and is parallel with the cross-vein. In 2Iajah>donter, (tig. 9i}), whei*e 
the cross-vein is oblique, the post(u-ior end of the stem of has 

migrated still farthei*, yet maintains its jjarallel course. While in such 
genera as Strong yl<Hjadcr (tig. 51), (\g)hns (tig. 95), Phjj)nato(‘rrn (tig. 
71), Bh nnoannpo (tig. 72), and Trnfltrcdo (tig. 50), where this cross- 
vein is strongly inclined and if continued would approximate the Inise 
of the wing, there is a cori'i'sponding migration of the posterioi* end 
of the stem of M3+4 toward the base of the wing which has kept }>ace 
Avith th(‘ cross-vein, and if it were continued it would rcatch the margin 
some distance before the apex of the first anal cell. 



THE CUBITAL AREA. 

The base of cubitus in most Tenthredinoidea coalesces with the 
combined bases of radius and media for only a very short distance, for 
oiie-tifth to one-sixth the length of the distance between the base of 
the wing and the apex of the cell M. The family Lydidie (figs. 86-43) 
I’epresent a mai’ked sidewise development as regards this coalescence, 
where cubitus has coalesced with R+M for fully one-third of the 
distance between the base of the Aving and the apex of the cell M. 

The free part of Cu, + M, is almost alAA^ays found extending betAvecn 
the cells i\], and 1st A. In the Lydida? (tigs. 36-43) it joins the cell 
M, at or l)eyond the middle and the cell 1st A on its apical third or 
foui'th Avith this end ahvays pointed toAvard the apex of the wing. In 
2dano,rifela (tig. 34) it occupies a similar position except that the end 
joining the anal vein points toward the base of the wing, while in 
Xacro.npda (tig. 33) it joins cell i\I, on its apical ^tifth and bends 
towai-d the base of the wing. It is found in BanruroH (tig. 86) near 
the middle of the ccdl M, and on the basal thii’d of tln^ tii*st anal cell; 
in Xerk (tig. 89) it joins the cell M, on its basal fourth and th<‘ 
Proc. N. M. vol. xxix — 05 30 
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tirst iinal coll as in Pitururus- in XfjflnjdrJa (ti^. 85) it joins at 
the base, hoino- almost interstitial with the niedio-eiibital cross-vciin 
aiul the Hrst anal cell at middle; and in Tremex (tig. 01) it joins the 
cell ]\I distinctly before the medio-cnbital cross-vein and the first 
anal cell on its basal fourth. In most other Tenthredinoidea it joins 
the cell M4 just }>efore, at, or just beyond the middle, is either trans- 
verse or inclined toward the apex of the wing, and joins the first anal 
cell near the middle, except in the genus Lahidargf (tig. 78), where it 
joins it near the apex, a secondary modification due to the coalescence 
of the veins at the apex of the lirst anal cell. In the subfamily Ten- 
thredinina? it joins the c(dl M^at base just in front of the medio-cnbital 
cross-vein and inclines strongly towai'd the apex of the wing. In the 
Megalodontet<{^g. 92), Orys,vts{^g. 97), Trichiosoma\^g^. 59), and 
Perga (tig. 8-t), it is interstitial with the niedio-cubital cross-vein and 
likewise inclined toward the apex of the wing. In the genus Pern gU( 
(tig. 89) there is a marked convexity in the veins Ciy and ^I^ wdth the 
convexity turned toward the anal veins, the free part of + start- 
ing off at th(‘ point of greatest convexity and inclining strongly toward 
the base of the wing. This condition seems to be characteristic of 
practically all the species of this subfamily. 

All vestige of the f n‘e part of the vein Cu^ is wanting except in cer- 
tain species of the genera PaaqdilUas (tig. 39), Cephaleia (tig. 42), 
Pactroceros (tig. 41), Lyda (tig. 37), and Cienolyda (tig. 38) of the 
LydidcT, and the spi^cies of the genus Paarurm (tig. 86). The position 
of the free part of this vein is j*epresented in various other genera of 
Siriciday as Slnx calif ornlea,<<, (tig. 87), by a minute spur. In the 
remaining* genera of the family Lydiche, where the free ])ai*t of this 
vein is wanting, the prominent bend indicating the usual location of 
this vein is as prominent as in those genera where the vein is present, 
but even this bend is Avanting in all other Tenthredinoidea. 

THE ANAL AREA. 

As already described, the wing area inclosed by the three anal veins 
has been named the lanceolate cell by tlie students of the Tenthredin- 
oidea. This so-called lanceolate cell is in reality two cells, 1st A and 
2d A. The front margin of the first anal cell is formed for the most 
part by the coalesced veins, 1st A, Cu^, Cu^, and M,; its hind margin 
is formed by the comlnned 2d A and 3d A. The front margin of the 
second anal cell is formed for the most part by the coalesced 1st A 
and 2d A; its hind margin is formed by the 3d A. The cells 1st A 
and 2d A are sepai’ated Ijy the free part of 2d A, which extends trans- 
verselv and is generally spoken of as the (*i'oss-vein of the lanceolate 
cell. 

The lanceolate cell is found under live different forms: First, open 
at the shoulder with an oblique or straight cross- vein; this is the form 
found in the typical hymenopterous wing and is of most frequent 
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occurrence (tig*. 11, s(‘cond, open at the .shoulder without a cross- 

vein — that is, with the free part of 2d A wanting (tig. 11, c); third, 
contracted at middle without a cross-vein (tig, 11, fourth, j)etio- 

late (tig. 12, and Hfth, with the lanceolate cell represent(»d only 

by the vein forming its front margin (tig. SI). 

The origin of the cells of the anal area has already been discussed, 
and only the origin of the ditferent types of cells will be considered 
here. The anal cells are found in their simplest condition in the 
families Xveli(he (tigs. 31-o5)and Lydiche (tigs. 30-48). In these fami- 
lies the important points to be noted are, that the vein forming the 
front margin of this area is straight, while the vein forming its hind 
margin is straight on its aj)ical half and has a i)i*ominent bend or 
(Muargination on its l)asal half, 
known as the contraction of the 
lanceolate or second anal cell; that 
the anal veins have not coalesced 
at base; and that there is a short, 
obli(pie, transverse vein mair the 
apex. This same type of cell is 
found in the genera Dolt r us (tig. 

49), E)ophytNs (tig. 40>), J\sewlo.sio- 
l>h( (tig. 48), and Erioeanqxt (tig. 47), 

(Except that the emargination on the 
liind margin at base is not so deep 
while the cells themselves are not so 
})road. In Blast icoloma (tig. 44) 
these cells are narrowed, but the 
])ortion of the vein on the basal side 
of the emargination has been en- 
larged shoulder-1 ik(\ Among the 
Siricida* there has betm a gradual 
but marked change; in Xoris (tig. 

89) and Paururas (tig. II, h) the 
cells have been greatly elongated, together with a corresponding elon- 
gation of the emargination, while in TtVtdoa (tig. 90) and Troaux (tig. 
91) the emargination is so gradual that it would be overlooked if it were 
not for its presence in the closely related forms, while there has been 
developed an additional spur which extends from the apical end of the 
emargination toward the base and margin of the wing. In Mttfaloibm- 
tes (tig. 92) these cells have been much shortened, the emargination is 
almost entirely wanting, while the I)ellying out of the third anal vein 
just in front of the free part of the second anal, which is only slightl}^ 
indicated in the Lydida‘, is well marked here. In almost all tliose gen- 
ovii where there is a prominent emargination of th(‘ third anal vein at 
base, there is a corresponding expansion of the wing area behind the 
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Fig. 11.— Types of anal cells, a, Macro- 

XYELEA FERRUGINEA; h PaURURUS CYANEUS: 
C, CEPHUS PYGM.KUS; d, KONOWIA WALSH] i: 
r, Strongylogaster (’INGT’latus; /, IIoplo- 
CAMPA FERRUGINEA: f/, LABIDARGE DIBAPHA. 
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anal veins. The Cc^phidje (Ho-. 11, r) ai’c an interesting exainjile of 
how far the reduction of this area may be carried; in this family the 
emargination of the base of the thii'd anal is entirely wantino-, the free 
pai't of the second anal is perpendicular to the other veins and opposite 
the i7iedio-cnbital cross-vein, while the wing area behind the third anal 
is so o-reatly reduced that this vein in some species practicall}" forms 
the hind margin of the wing. 

The genera Derecyrta^ B raclnj.r! plni,^pAW(\ Kouotria (Hg. 11. rZ), of the 
family Xiphydriidje are described as having the free part of the sec- 
ond anal vein present and the third anal vein united with 1st A+2d A 
at the contraction of the third anal vein. The Hrst two genera are 
unknown to me in nature, but the species of these genera, figured by 
Westwood and Kirby, show the contraction of the anal cells of the 
same type as found in Xiphydria (fig. 85). In Xiphydr 'ni the contrac- 
tion is much deeper and the third anal approximates more closely the 
1st A+2d A than in any of the other genera of the Tenthredinoidea. 
In Konouda the contraction is still deeper, yet the two veins 

do not come into acdual contact with each other. Xiphydria and 
Kom/iria are of interest in showing successive stages of the anterior 
migration of the third anal at the contraction and to prove that at 
least one method of the modification of the anal cells is by the anas- 
tomosing of the veins at this point. 

The anal area has been reduced in two very ditferent ways; first, by 
the anastomosis of the third anal with the first and second at the contrac- 
tion in the second anal cell; second, lyv the shortening of the free part 
of the second anal until the third anal comes in contact with the com- 
])ined first and second anals. Thus it will be seen that in both cases 
the reduction is due to anastamosis, but that it takes place at a ditferent 
point and in a ditferent wa} . 

With the exception of the genera of the family Orvssidjc (fig. 97), 
the only ])lace where the anal area undergoes any reduction at all is in 
the family Tenthredinida\ and even here the great majority of the 
genera fall under the first class. As to whether the third anal anas- 
tomoses with the combined first and second anals before or after the 
atrophy of the free part of the second anal, it is impossible to tell. 
If we base our conclusions on the Xiphydriidau the natural supposition 
would be that it took place before the atrophy of the free paid of the 
second anal; but, from a careful study of this area. I have been led to 
(‘onclude, because of the ditference in the stages within the ditferent 
families, that these modifications have ai’isen independently wdthin 

O. Westwood. Thesaurus Kiit. Oxouiensis. 1S74. W. F. Kirliy. bit^t 
tlymen. I>rit. Mus., Tenth, and Siric. I, 1SSL\ 

am indebted to Mr. J. ('Iie.^ter Ih-adli^y foi- an f)i)i)ortnnity to see a speeinien o) 
this species helonj^in^ to tlie t^. 8. Xational Museum rollections. The generic refer- 
ence was made by Dr. W. II. Ashmead. 
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onrli family; and furthor believe, judging from the existing forms, that 
in the family Tenth redinida% where there are closely related foians 
with and without the free part of the first anal, that this anastomosis 
took place after the loss of the free paid of the second anal. 

The type of cell, when* the free part of the second anal is wanting, 
is illustrated )>y the genera SeJandrJa. Sf rnngi/loi/asfer (tig. li, c), 
SfroNtloceros (tig. 50), and Thru\u,i‘ of the subfamily Selandrina*. 
These genera have an anal area identic*al with that found in the genera 
DoliVUH (tig. 49), (tig. 45), (tigs. 52-58), and 

4t>), except for the atrophy of the part named, and rep- 
resent the type of lanceolate cell open 
at the should(*r without a cross-vein. 

In the g(*nera IJoploaunpa (tig. 11, 

/*), Clad ills (tig. ()0), M<mocfeinis (tig. 
fJT), lAihidarifr (tig. It, r/), and Iliflo- 
tofiHi (tig. TO), the t}^pe of cells foinid 
in the Selandrina* has been further 
inoditied hy the anastomosis of the 
third anal vein with the combined first 
and second anal V(*ins at the point 
where the third anal is d(*(*{)ly emargi- 
nate in the Selandrina*, and conse- 
quently, with the loss of all trace of 
the emargination. The anastomosis 
varies from a short distance in JJoplo- 
(‘ainpa and Moiiocttnus to almost the 
entire* length of the area in IhjJotonia 
and Ldhidanp^ and is the type of 
lanc(*olate cell consid(*red as being 
contracted at middle. 

The so-called petiolate type of lance- 
olate cell is a direct modification of the 
contracted type. It is brought about 
in two very ditterent wavs. Hy the atrophy of that part of the* third 
anal vein adjacent to the basal end of the anastomosis, or by the 
continuation of the anastomosis of the l)asal part until it reaches the 
base of the wing. Jhjlotoina and Lnhidan/v show the basal part of 
the second anal cell as a minute area at the extreme base of the wing 
vddle in Pdchtjlofd (tig. 77) this area is obliterated by tin* completion of 
the coalescence. Although there is no data available, y(*t from the 
shape of the anal cells in the Orvssida* (tig. 97) it is quite probable that 
the reduction has taken place here in the same mann(*r. That the 
petiolate type is brought about by atrophy is readily proven by an 
examination of tlie wings of liJuidinocera^a (tig. 12, <'/), Pridclisfd (tig. 
12, J), and Phyindtoccm (tig. 71), in the order named. In these wings, 
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Fi«. 12 .— Rekvction of the anal cells. 

a, KHAI)IN 0 < KRAEA REITTERI; 5, PERI- 
CLISTA MELANoCEPHALA; C, PTERONI'S 

PA VI dps; < i , Maprophya albicincta; 
c, Tenthreho fi.ava; /. Lycaota sodalis; 
<7, Clavellaria amerin.e. 
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I1h‘ l)jLs{il j)art of the third anal vein is preserv(‘d in every ease, but is 
interrupted at the point wliere it should join the anastomosis. Pterou >/,s 
(tio*. 12, and PAmnocampa (Ho-, pp) show a sIio*htly later stage in wliieh 
only the longitudinal part of this vein is preserved, while many geii(‘ra, 
as Dineura (tig. (>3), show the eoinplete atrophy of the entire basal part 
of the third anal, or at most it is represented only l>y a fold. In /V>*- 
oyla (tig. 80) there is developed a peculiar spur on tlie posterior 
margin of the cell 1st A opposite the free part of M^+Cuj. 

The giu'atest reduction of the anal area is reacdied in the subfamilies 
Lolioceiline (tig. 82), Pterygoplioriine (tig. 81), and Pergiiue (tig. 8*1), 
where all that remains is the simple straight vein. The members of 
these subfamilies, at least so far as this area is concerned, have reached 
the condition found in all the higher Hymenoptera. This condition 
has been reached by a continuation of the anastomosis found in LahJ- 
(large (tig. 78). As w^as shown above, the petiolate type of cell might 
be ])rocluced by the anastomosis of the basal part of the third anal, 
while the condition here is produced lyy anastomosis of both basal and 
apical parts. It is an interesting fact that the cell on the basal side 
of the anastomosis is })ounded in front by 1st A+2d A and behind by 
3d A, while the apical half is bounded in front 1)V 1st A and behind by 
2d A+3d A, so that the resulting vein is a combination of all thr(‘e 
anal veins, which has certainl}" been brought about in a very round- 
al)Out manner. 

The second method of the modification of the anal area, namely, by 
the gradual shortening of the free part of 2d A and the almost com- 
plete obliteration of the emargination of the 3d A is found only in the 
subfamilies Lycaotime (tig. 12, f). Tenthredinime (hg. 12, d-e)^ and 
Cimbicina? (tig. 12, g'). When the wings of lUjeorPia (tig. 4U), Lyda 
(tig. 37), (Ae/adgda (tig. 38), Prlocawjxt (tig. 47), and St roagg/ogaster 
(tig. 51) are carefully examined there will l)e found at the base of the 
emargination a prominent shoulder, which is distinctly thickcmed. 
This shoulder is present in vaiying degrees in all those genera where 
the third anal is emarginate at base, but is especially prominent iti the 
genera named. If, now, we examine the wings of most any inemlxu* 
of the subfamily Tenthredinime, as Macroplnja (tig. 57), we will tind 
near the basal side of the anastomosis a slight emargination, and just 
be 3 X)nd it a thickening. In this emargination and thickening we tind 
the reason for our conclusions that in these subfamilies the contracted 
tv])e of cells has been produced by a shortening- of the free part of the 
second anal. This conclusion is further contirmed by the great varia- 
tion in the amount of anastomosis. In the genus Macroplnja 
this condition varies from a well-marked per})endicular free part of 
the second anal to an anastomosis for some distance. The perpendic- 
ular fr(‘e part of the second anal or the anastomosis in the Tenthred- 
iiiime occuoies a position nearer tlie base of the wing than the corre- 
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spondinij;' ])ai'ts in Dffjrrus or Ehq>1njtn><^ ])iit this is undouhtedly du(' 
to the elono-ation and iiarrowino* of the wing'. Tliat this position is 
due to tlie elong'ation of the wing is })roven l)y tlie wing of Lijranfa 
(tig. 55), which is ])road and not at all elongated, whih‘ the anasto- 
mosis occupies a position similar to that of the free part of the second 
anal in DoJerux (tig. 41)), and Emphytux (tig. 46). In the Cimbicime 
most of the genera have lost the emargination found in the Teuthred- 
ininjv, but in a few genera, as A}>i(o it is prominent. Even though 
th(‘ emargination were wanting in all the g(*nera of this sul)family, th(' 
general contoui- of th(‘ anal in the more generalized genera, as 

Cituhex and Trlchloxoma^ would show their intimate relation to the 
Teuthrediniine and l^ycaotiine. In the Cimbicime (tigs, 5D-60) the tirst 
anal cell is much reduced by the coalescence of the veins at its apex. 
In ( ^lareUaria (lig. 60) this has proceeded so far that "id A+6d A has 
coalesced with 1st A to just before the free part of i\I^+Cuj. 

2. THE IIIXD \VIX(;S. 



The hind wings of most Ilymenoptera have l)een so greatly reduced 
that the primary homologies (‘an be determined only after cartd’ul 
study. Once the primary homologies have been estaldished the deter- 




mination of th(‘ ditterent veins in ditl'erent wings is a very simple 
matter. As the superfamil}" Tenthredinoidea contains all the h^unen- 
opterous insects in which the hind wings are at all generalized, it is 
apparent that a study of the wing areas of the meiiibei's of this super- 
family is of the tirst importance. Practically all the moditications 
found in this wing are due to the atrophy of the transverse parts of 
veins or to a secondary shifting of the transverse ])arts of veins so as 
to stiffen the wing more effectually. Fig. 13 represents a generalized 
hind wing in which the wanting veins are indicated by dotted lines. 
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THE C 08 TAL AREA. 

The costal area is represented by the costa, wliich is present in the 
hind wings of practically all Tenthredinoidea as a strong vein thick- 
ened at base. So far as observed costa is wanting onl}^ in the genera 
Ort/ssus (hg. 1)7) and Str())nhoc(^r(h^ (tig. 50). 

On the front margin of the hind wings of all Ilvmenoptera there is 
a series of hooks for fastening the two wings of a side together so 
that they will move as a unit during flight. These hooks are of vary- 
ing extent, in the Siricidie there is a prominent gi*onp at the base 
and another near the aj)ex of Sco with isolated hooks between; this 
same condition is found in certain L^alidje while in others only the 
basal and apical areas are preserved. The Xyelidie and Xiphydriida^ 
also liave basal and apical areas. In the Oryssida^ there is an apical 
area with four or five isolated hooks just before the apical area. In 
most Tenthredinoidea there is only the api(*al area, which is likewise 
characteristic of the higher Hymenoptera. The apical area is of 
about the same extent in all the groups except the Cimbicime, where 
it extends from one-half to two-thirds the length of the cell Rj+g. 

THE SUBCOSTAL AREA. 

All vestige of the^ subcosta has disappeared except in the single 
family Lydidfi3 (tigs. ^10-43), where in the genera Lyda (fig. 37) and 
Bactroeivos (fig. 41) it is as fully preserved as it is in the fore wing 
of the Lydidie and Xyelidie. Subcosta and its continuation, Scj, 
extend as a straight vein from the base of the wing to near the apex 
of the vein Sco + The basal free part of Sco is a short vein only 
thi‘ee or four times as long as broad and in some genera, as Bactro- 
cenm^ Neuroto)na (tig. 30), and PtunjdiiUm (fig. 3b), it is onl}^ about 
as long as broad, while in the genus C^noJijda (tig. 38) it is entirely 
wanting. When present it is generally situated about midway of the 
vein Rj, making the cells Sc and Scj sube<pial in length. The only 
exception observed is in the genus jXeHwtoma^ where tlie free part of 
Scg is much nearer the apex of the wing, tiie cell Scj being less than 
one-half the length of the cell Sc. The apical free part of Sc.g has 
been obliterated by its coalescence with R^ to the margin of the wing. 
In the genera J\nnj>hJUus^ dS^eurotmna^ Cephaleia (fig. 42), lUjcorPia 
(fig. 40), and Lyda a considerable portion of the subcosta found 
between the base of the wing and the free part of Sc^ has completely 
atropliied, the amount varying in the different genera. The condi- 
tions found in the genera just named go to show that the reduction of 
the subcosta in the hind wings has proceeded in a very ditferent way 
from what it has in the fore wing, where the modification is clearly 
due to coalescence. The cell lying between costa and Sc + R + M, 
C + Sc + Sci, is broad and well marked in all the specialized Tenthre- 
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diiioidea except in the family Cephidic (ti^s. Po-PG), where it has 
been completely squeezed out by the close apposition of costa and 

Sc -j- K -|- i\l . 

THE RADIAL AREA. 

The bases of radius and media are combined in the same way as in 
the forewino-. The sinode vein RTM extends to near the middle of 
the wing, where it divides into and R. + M. In most specdalized 
Tenthrediuoidea the stem of R+M is only moderat(dy thi(*kened, but 
in (tig. 97), the costa being wanting, the V(‘in R + M has been 

excessively thickened, evidently to take up the stress that would have 
been transmitted along the costa. 

Rj combined with Sc^ extends oblicpiely to the front mai'gin of the 
wing, whei'e it anastomosis with costa in a single point, or at most for 
only a very short distance', just before the apical area of hooks, then 
curves awa}^ from the costa and joiiis it again at the apex of the apical 
area of hooks, forming a cell Sc^ homologous with the stigma of the 
front wings. This cell is prominent in such genera as (tig. 

69), Ptero)n(s 68), Phiftnatocem (tig. 71), StroiH/ybfyasfer (6g. 51), 
Dineura (tig. 68), Dolerus (tig. 49), Tenthredo (tig. 56), and TricJuo- 
8oma (tig. 59), and is generally situated at the l)ase of the cell Rj+g. 
In the Xyelidic (tigs. 81-85), Xiphydriida', Ce])hida‘ (tigs. P3-96), 
Megalodontidic, and Blast icotomida' (tig. 44), this stigmadike cell is 
entirel}" wanting, while the apical area of hooks is situated on an 
eidai-gement of the costa opposite' the middle of the cell Rj+o. This 
cell is faintly indicated in the Lydida' (tigs. 86-48) and situated as in the 
Xyelida, while in the Tenth redinida it is generally distimd except in 
the moi'C specialized subfamilies. This is especially true in those 
genera with an appendiculate cell. The course of the apex of R^ here 
contirms our conclusions regai ding its course around the stigma in the 
front wings and that the stigma is nothing more than a stroijger 
chitinization of the wing membrane in front of Rj than is found in the 
other cells. 

The front margin of tlu' cell Rj+g Siricida (figs. 86-Pl),Mega- 

lodoiitida (fig. 92), Xyelida', Lydida, and Blasticotomidie is bounded by 
a vein of uniform width, Rj. which, after joining the costa beyond the 
apex of the apical area of hooks, coalesce with it, the single vein extend- 
ing along just within the front margin of the wing. It ends in the 
Xyelida (tigs. 81-85), Lydida (tigs. 36-48), ]\Iegalodontida and IRasti- 
cotomida (tig. 44), at or slightly beyond the apex of R3 mid a con- 
siderable distance before the apex of the wing. This results in a cell 
contour identical with that found in the front wings. In most genera 
of the family Tenthredinida, as Maeroplnja (tig. 56), BJennoeampa 
(tig. 72), Sfromhorrros (tig. 50), Periclista (tig. 69), and PteroniiH (tig. 
68), Rj likewise ends at or slightly beyond the apex of R.^, but in these 
genera the veins Rj and 1+, coincident with the lengthening and nar- 
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rowing* of tlie liavo niioratod to tlio iipox of the wino\, so ns to 

stiffen it, whih' in the uenera Bh)nioc<nnpa nncl PeridUta extemls 
jiroiind the apex. In the Cephidje and C^inihieinie K3 has retained its 
primitive position distinctly before the apex of the wing while Rj has 
been extended s[)nr-like to the apex. The genus Hoplocampa (tig. Gl) 
shows a similar condition, except that the prominent spnrdike tip 
has not been developed. (tig. 97), Tn tne^r (tig. 91), Paunirus 

(tig. 8(>), 2ro)u)cfeiit(s {^g. 67), Dieloceru.s {^g. 79), and Pacltylota (tig. 
77) show a inoditication of the condition found in BlenmKAimpa and 
PerieUda, In these genera R^ and R^ hav(' migrated to the apex of 
the wing, but the apical half of the vein R^ atrophied, causing the cell 
Rj +2 return to its original condition, open at the margin. The 
genera Xerh (tig. 89), Ilylotoma (tig. 76), Ijd)Ularye (tig. 78), Penja 
tig. 84), Perreyia (tig. 80), and Lohocerax (tig. 82) show a still dilferent 
type. Here R3 ends distinctly before the margin of the wing while 
Rj is continiu‘d to the apex, but in the course of its development was 
pulled away from the margin for a considerable distance, forming an 
appendiculate cell in the same way that it is formed in the front wing. 

The second part of the vein R+i\l, R^+ ^I, very soon divides into 
Rg, and iM. In all the wings observed the free part of R2 is wanting; 
also R5, exce])t in the genera Megaxyda ^ OdontopliyeH^ ai]d M<U‘o,rytIa. 
Rg occin)ies a position similar to that found in the front wings; the 
only marked inoditication is the point at which it reaches the margin, 
and this was fully discussed above. 

The tip of the fourth branch of radius has (‘ombined with Rg+Mj as 
in the forewing, while the free part of R^ is a transverse vein extend- 
ing between R3 and Rg+ In the Xyelidje (tigs. 31-35), Lydida^. 
(figs. 36^3), and Megalodontida^ (tig. 92), it is situated near the margin 
of the wing, but in most Tenthredinoidea it has migrated toward the 
base of the wing; white in such genera as lA)hoeer<(s (fig. 82), Dolerti,^ 
(fig. 49), PteronuH (fig. 68), and Cladim (fig. 66), it is situated in a line 
with the costal area of hooks. The five part of R^ is entirely wanting 
in the subfamilies Blennocampiiue (fig. 72), Phyllotomina' (fig. 54), 
Fenusime (fig. 74), and the genera Tetr^dneura and Acidoj)hor((. 

The radio-medial cross vein is wanting in all the genera observed. 

THE MEDIAL AREA, 

In all the wings examined, except in AV/w (tigs. 87-88), and Mcuio- 
.ryeld (fig. 34), the vein i\I is coalesced with the radial sector for a 
greater or less distance. This is verv dilferent from the conditions 
found in the front wing, where M always arises from R some distance 
before the origin of the radial sector. In iSirex and Jfa/foxyda M 
arises from R distin(*th^ before the origin of the sector, but mu(*h 
nearer to it than is the case in the front wings of all other Tenthredi- 
noidea. In Pavruvih^ (fig. 86) and X<r/s (lig. 89) arises from the 
sector at or just beyond its origin; in JIacroxyela (fig. 33) it extends 
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M])ont twice as fai* ns in ! rurus : in the Lydi(la\ Meoalodonti(la\ 
and most Tenthredinida* it arises a ronsid(‘ral)le distam^e beyond the 
origin of the sector; whih‘ in 7)v (tig. Hi), t^yv/.w^/.v (tig. bT), Lfjcuota 
(tig. 5r>), A<^id(>i>hi>fu^ and the subfamily Ijlimnocampime (tig. 72), it 
arises tit or just before thi‘ middle of the cell Kj+o' moditi- 

ctitioii found in these genera is undoubtedly due to the atrophy of the 
frt‘e part of li^. 

As soon as M separates from the radial sector it extends trans- 
versely until it joins the medio-cubital cross-vein, where it usually 
bends at about a right angle and extends longitudinally. About mid- 
way lietween its union with the medio-cubital cross-vein and the margin 
of the wing it divides into two branches, M^, which extends direct to 
the wing mai’giii, occupying a position very similar to the same vidn 
in the front wing, and M.,, which extends transversely to neai* th(‘ mid- 
dh‘ of its length where it joins the medial eross-veiu, from whiidi 
point it extends longitudinally to the margin of the wing. 

The im‘dial cross-\ ein extends longitudinally toward the base of the 
wing, where it joins a vein which extends longitudinally or o)>li(piely 
fiom thecu)>ital end of the medio-cubital cross-vei!i. That jiortion of 
this vein which li(‘s betwecm the medio-cubital cross-vein and the 
medial cross-vein is the free parts of and Cnj, the free part of 
M^+Cui I>eing wanting, while that portion which lies betwinm the 
medial cross-vein and the tip of the anal veins is the free part of 
In th(‘ front wings there is a branch which extends from thi^ stem of 
M and joins xMg just before its union with the medial cross-V(‘in. This 
is the stem of and is entirely wanting in the hind wings of all 

IIymeno])tera. If the position of Mg, and the medial eross- 

V(‘in be compared with the corresponding veins in the front wings it 
will lie seen that they occu[)y a similar position and are in fact the 
most important landmarks in homologizing the veins of the hind wings. 

In Ori/s>sffy (tig. hT), BJe^uiocampn (tig. 72), Acnlojdtont ^ 

(tig. S2), Aconhihvem (tig. 83). IHcnjifophtru^ (tig. M), and 
Penja (tig. 84), the transverse jiart of lias atroyihiinl so that the 
cells ]\li and 1st are united. 

The free part of Mg in most Tenthredinoidea extends almost trans- 
versly to the margin of the wing, l)ut in th(‘ CVphidie (tigs. h3-9(>), 
TenthriHlinimv (tigs. 50-58), and ALwo.njf la (tig. 34), vTere the anal 
area of the wing has been greatly reduced longitudinally, the free 
part of Mg has becm bent abruptly toward the base of the wing. 
While in most genera the free parts of Mg and M^ are subequal in 
length, yet in Loho<u r<it> (tig. 82) and Perga (tig. 84), M^is two or three 
times as long as Mg, while in the Cephidie (tigs. l)3-tH;), Treau\r (tig, 
01), and Ptenjgo})hor}(H (tig, 81) Mg is several times the length of ]\I^. 
Th(‘ medial cross-vein is in most genei*a subequal in length with the 
longitudinal part of ^Ig, yet in AV/v'.s (tig. 8i>), Tiv yy/or (tig. 01), Seriro- 
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and Dh‘l(><!< VHH (tig. 71)), tho ci'os,s-V(‘in is much slioi t(‘r, onn-third 
to one-foiii‘th tlu' long’th of this ])art of M^. 

The inedio-ciibital cross-vein in the g-eneralized Tenthredinoidea is 
ti’ansverse and siihecjiial in length to the transverse part of i\I, ])ut 
there is considerable vai'iation throughout the various genera of the 
other groups. Its departures fioiu tlu^ generalized condition may )»e 
divided into five groups. In the first of these the longitudinal pai’t 
of ^1 has migratiMl along the transverse part of ^I, greatly increasing 
the lengtii of the cross-vein, although the cross-vein and the trans- 
verse part of M retain relatively the same position. This is shown in 
the genei'a TrieltUmnan (tig. 5D), LahUlanje (tig. 78), Dolenis (tig. 49), 
and 21onoctenf(s (lig. 67). Ill the second group tho length of the 
cross-vein has been greatly increased by the migration of the trans- 
verse part of M from its position at or near the base of the cell 
^l^-blst ]\Io to near its middle as in the genera "Lnthrtdi/ (tig. 5b), 
Pericllsta (tig. t>9), and Stron</ylogat<ter (tig. 51). In the Tephidie 
this migration has proceeded so far that the transverse part of M is 
joined to the cell ]\I^+lst near its apex. The thii'd group is 
represented by the genera XiphydrJ(( (tig. 85), Macrojdya (tig. 57), 
Phymatoceni (tig. 71), Rhadl (tig. 70), and Lycaota (fig. 55). 
In these genera there has been a combined migration of the longi- 
tudinal part of M along its transverse part, together with a migration 
of the ti’ansverse part of M toward th(‘ apex of the wing. The fourth 
group is n^presented by the genus Pt<ry<jophorus (tig. 81), where the 
longitudinal part of M has migrated toward along the medio- 
i'ubital cross-vein, resulting in a distimd shortening of the cross- 
vein. In the fifth group there has been a migration of the transverse 
part of M toward th(‘ apex of the wing, wliile tlic^ free part of has 
swung around from a longitudinal or oblique position to a transverse 
one. Coordinated with the change in position of the free part of 
there has been a swinging forward of the paid of cubitus on the basal 
side of the medio-cubital cross-vein until it has come into line with 
the base of the longitudinal part of M, so that in this group the medio- 
cubital cross-V(dn extends longitudinally instead of transversely. 
This is prmdically the same condition as is found in the higher Hyme- 
noptera and is shown by the genera Perga (hg. 84), Perreyla (tig. 80), 
Acordulecent (lig. 83), and Lobocer((s (fig. 82). 

THE CUBITAL AREA. 

In the hind wings cubitus is represented b}" the long, straight vein 
extending from the base of the wing to the medio-cubital cross-vein. 
All trace of the free part of Ciq is wanting, and the same is true of 
Cug unless we homologize the short vein found in the Xyelida* 
31-35) at the base of the wing with this vein. That this spur repre- 
sents the free part of Cu.^ there can not lie much doubt. That it is not 
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a su|)crinimenirv vein is proven l>v its persistence tbroiichout all the 
dirt'erent genera of this family. Its preservation is undoubtedly due 
to its position at the (vxtreiiK* base of the wing, and also to the fact that 
its anal end curves toward the I)ase of the wing, giving it a location 
where its liability to be obliterated would be reduced to a minimum. 

THE ANAL AREA. 

The anal veins of the hind wings, like those of the fore wdng, have 
undergone marked changes but along very diti'erent lines. Here, as 
in the fore wings, there has been a (‘ombination of the apices of 
M4, Cuj, Cm, 1st A, and ^d A. the transverse free part of the first 
four of these, except l>eing wanting. The first anal vein extends 
directly from the base of the wing to the transverse part of M3, in 
many eas(ss being strongly bowed in front, and from M3 there extends 
an obli([ue vein to or nearly to the margin of the wing. This vein is 
wanting in the Cephi(he (tigs. Xyelida* (tigs. 31-35), Acor<h(- 

Ueera (tig. 83), and BJi u nomwpn (tig. 72). 

The second anal vein is found in its most generalized condition in the 
wings of Sfro}Uji/lo(jasfvr (tig. 51), Truth redo (tig. oT)), PridcHsfo (tig. 
6h), and Sfr(ordje)cero,'< (tig. 50), where it (vxtends from the base of the 
wing as a slightly bowed vein and unite.< with the tirst anal vein dis- 
tinctly l)eyond the transviu’se paid of M3. In the genera (tig. 

40), SeI(Onho\o and Moerojdnjo (tig. 57), the coalescence is only foi* a 
short distance in front of the transverse part of M3. The amount of 
coalescence increases until in the gamera lliflototmf (tig. 76) and Lalj 'i- 
darge (tig, 78) the coales(*ence is for more than half the length of the 
anal cell. The second anal vein is entirely wanting in Xeris (tig. 80), 
(tig. 07), LotxxrOfH (tig. 82), IVrga, (tig. 84), Ptenjgophorvr 
(tig. 81), I\ rregto (tig. 80), and Avordidea (tig. 83). The disap- 
pearance of the second anal vein is undoubtedly due to the fold in the 
wing just beliind the line w here the vein w ould l)e situated. This sup- 
position is strengthened by the wing of Xerh and Pielocerox (tig. 70), 
where the transverse ai)ical })art of the stump is retained. \Vhile in 
SJre.e aJhieornix (tig. 88), the l)asal half of the uncoalesced part is 
i‘etained. In Mifcro.njehf (tig. 33) there is a diti'erent type of moditi- 
cation. The second anal vein is situated just in front of the furrow% is 
as well developed as the other veins and extends almost to the margin 
of the wdng, wher(‘ it bends abruptly forward and joins the tirst anal 
vein just before the free part of The transverse part in Mano- 

•eyeta (fig. 34) is neann- the base of the wing and there has been devel- 
oped in addition a secondary spur from the outer posterior angle to 
the rnargi!! of the w ing. The Cimbicime (figs. 56-60) show' a similar 
condition, except that the transverse part of the second anal is near 
the middle of tlu^ w ing with a long spur continuous with the longitu- 
dinal part of the vein. In Macrocephur^ (lig. 95) the spur is present 
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and tlie transverse part of the second anal is curved toward the base 
of the wing, while ({]>l(us (tig. IK)) differs only in lacking the spur. 

The third anal vein is almost universally present, and extends as a 
slighth" curved vein near the anal lobe of the wing from th(^ l)ase of 
the wing to the margin. It is represented in Ori/sxui< by a fold and in 
Aconhilecera by a pale band of pigment. In many of the generalized 
genera there is present a prominent transyerse spur on its hind margin 
near the base of the wing, which is joined to the spiral yein, a cord- 
like thickening which extends along the base of the wing to the scu- 
tellum. 

V.— DYNAMICAL CONTROL OF WING TYPE. 

It has already been pointed out in a number of cases that certain 
moditications were due to mechanical causes. The wing of an adult 
insect is a machine purely foi’ locomotion, and the rapidity and skill 
of the locomotion is directly de})endent on the perfection of the 
nauddne. It is a fact that those insects are the swiftest flyers whose 
wings a])proach most nearly a triangle in outline, that is, haying wings 
broad at base and pointed at tip. This is illustrated by the wings of 
th(‘ hawk-moths, the bee-flies, and the bees. The elBciency of a wing 
is dependent not only upon its outline but upon the ari’angement and 
construction of its various parts. This construction consists in the 
arrangement of the veins in such a manner as to best tit it to with- 
stand the stress exerted upon it in striking the air and at the same 
time without increasing the weight of the organ. 

The diflerent kinds of insects fly in two ways — by a soaring flight, 
for which a broad expanse of wing is required, and by a swift dashing 
flight, for which a narrow, stitf wing is necessary. It is also a fact, 
at least so far as insects are concerned, that those species whose witigs 
are broad and a})proximate closely the arrangement of the yeins found 
in the hypothetical type are never swift flyers, while those in which 
there has been a marked reduction in the number of yeins. together 
with a trussing of that paid of the wing subject to the greatest stress, 
are always swift flyers: that is, thma* is always a direct correlation 
between the structure of a wing and its efficiency as an organ for 
flight. 

Where insects possess four wings, the wings of a side are generally 
fastened together in some manner to insure a more synchronous 
motion. This is accom|)lished in the Lepidoptera by a jugum on the 
hind margin of the front wing, or by a frenulum on the front margin 
of the hind wing, or by an ex})ansion of the front margin of the hind 
wing so that th(‘ two wings o\anda[). Th(\se fastenings are all located 
at th(‘ base of th(‘ wing, and (‘onsiapumtly can not (‘xert much influence 
oyer the course of the veins found mair th(‘ mid(ll(‘ of the wing. 
With the Ilymenoptera in geneial and tin' Tenthixaliiioidea in particu- 
lar the conditions arc difl'erent. The wings of the Tenthredinoidea 
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are fastened bv a series of books on the costal margin of the hind 
wing- wliieh fasten into a fold along the hind margin of the front wing. 
These hooks may extend fiom the base of the wing to near tlie middle 
of the cell they may lu^ arranged in two groups, one near the 

base of the wing and another near the base of the cell or they 

ma\’ be arranged in a compact group neai* the base of the cell Ri+o- 
In all cases this latter group is always the strongest, and being situated 
neai* the middle of the wing exerts a strong inlluence on the course of 
the veins found in this r(\gion in both wings, as will be shown latei\ 

The path of the tip of an insect's wing during flight is that of a fig- 
ure 8 (fig. 14). This has been shown by Marey and other investigators. 
It is a well-known fact that dui-ing flight the wings go through two 
distinct motions, a stroke or downward motion and a reco\ erv or 
upward motion. The relation of the strike and recovery are shown on 
the accompanying figure copied from Mai’cv. The up 
and down motion is due entirelv to muscular action while 
the resistance of the air ""effects those changes in suid'ace 
obliquity which determine the formation of an S-shap(‘d 
trajectory by the extremity of the wing." 

From a mechanical standpoint, so far as insects are con- 
cerned, the act of flight is really a simple one. The wing 
is so constructed that thei’e is a rigid front margin for 
striking the air and ’"a sort of fiexil)le sail behind," which 
inclines the wing at the most favorable angle. This is 
usually about 45 . During the downward motion the 
wing is expanded to its fullest extent by the resistance 
of the air beneath it, while during its recovery it is con- 
tracted by being folded or corrugated along the lines of fig. 14 — wing 
the wing furrows, which in this way reduce the amount 
of surface of the wing and consequently reduce the resistance during 
re(*overy. 

The wings of most insects are corrugated or folded along certain 
lines. In many orders these furrows are so persistcmt that they have 
been named. Although they ai*e not so constant in position as the 
veins, yet they occupy so nearly the same i*elative position that it is 
generally possible to homologize them. The function of the furrows 
in an insect's wing are twofold, to strengtlien it aijd to make it flexible. 
The latter function seems to be their only use in the wings of the 
Tenthredinoidea. In this superfainily all the following furi'ows are 
present. 

The anal fumm \ — This is a longitudinal furrow (extending from 
the base of the wing to the margin just in front of the first anal vein. 
It is distinct in both wings. In the front wings it separates the free 
parts of Cu^, M^+Cui, and ]\I.j fi'om the vein Ixdiind tlu' furrow and 
has undoubtedly been an important factor in causing the atrophy of 
the free part of these veins. 
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The second anal furroir. -This fuiTOW also extends from the l)ase 
to the margin of the It is found only in the hind wino-s and is 

situated just i>ehirid the second anal vein. It is at the end of this fur- 
row that thtu’e is located the emaroination which eventually develops 
into a slit, the axillary incision, which separates off the hind angle of 
the wing into a lohe or alula. This alula, which always contains the 
third anal vein, whether it is separated or not an incision, is 
always turned back under the remainder of the wing. 

The nu(naJ faer<)a\ --Th.\^ is a straight furrow in many Tenthredin- 
oidea, stalling in the (‘ell R and extending along just in front of ]\Ij 
to near the margin of the wing. It usually bends down near the 
middle of the cell so that it is close to the vein. This furrow finds 
its greatest develo])ment in the family Tenthredinida'. In most of the 
genera of this family it extends along close to Mj until near the mid- 
dle of the cell R^, where it subdivides into two or three branches. The 
posterior branch crosses Mj+., near its origin and passes obliciuel}" across 
the cells 1st M., and Mj. The anterior branch passes midway between 
iNIj and Rg to near the margin of the wing; in some cases the anterior 
liranch subdivides, one bi'anch extends just behind Rg, while the other 
extends just in front of Mj. Only a casual examination is necessary 
to see how important the medial furrow must be in maintaining the 
ffexibility of this area of the wing. The so-called bulhe of many 
writers on the Tenthredinoidea are the clear spots in the veins where 
thes(‘ furrows cross them. 

The ead'ad fa eroxc. —This is a short longitudinal furrow situated 
just in front of the radial sector and may be a branch of the medial 
furrow. 

The costal ////^yc.^This is a thin area of the front margin of the 
wing, situated betweeii the apex of costa and Sc.> at the base of the 
stigma. 

The greatest stress on a wing is always on its front or striking mar- 
gin and on that })art of the margin that is most prominent. In the 
Hymeno})tera this is the region in the neighborhood of the stigma. 
This stress is in a ])lane parallel with the wing membrane. This is 
due to two causes. th(^ angle at which the wing strikes the air and to 
the sail area — ^that is, approximately the posterior two-thirds of the 
wing, which maintains the wing-membrane at relativeh^ the same angle. 
The sail iwax of the wing has the same effect on the wing as the tail on 
a kite when it is drawn rapidly through the air near the ground, caus- 
ing it to maintain practically the same angle at all times. 

If we examine a simple type of tiaiss, as tig. 15, where the sides AB 
and BC are etpial and the distance AD is equal to the distance DC\ we 
will lind that any stress exerted at th(‘ point B in the plane of the truss 
and perpendicular to the line AC will b<‘ (^(jually distri})uted along the 
sides AB and BC. But if we take such a truss as tig. 10, where the 
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side AB is miidi greiiter than tlio side BC\ wo wiil tied that any stress 
exerted at the point B will not be eciiially distributed, l>nt that a niiieli 
hu’ger part of the stress Avould fall on the side BC than on the side AB. 

We may assmiie that that wing is the most perf(M^t meehanical 
device wdiich approaches the closest to soim‘ typ(‘ of truss. From oiir 
previous studies of the wing topography of tin' Tenth redinoidea w<‘ 
are jiistitied in con(*luding that if such a thing as a truss (‘xists in theii‘ 
wings it must i)e of tln^ type where one side is longer than the other, 
for there is no point situated near the middh' of the front margin of 
the wing to which veins converge. 

Before taking up a direct comparison of the wings of tlu' Tenth re- 
dinoidea with the types of trusses given above, we should not overlook 
the fact that we have to do not with a simple but witli a com})l(vx type. 
T'he fi'ont wings must in reality be trussed on both sides, for the 
hvmenopterous wing lias stress exerted u})on it ))V the air upon both 
front and hind margins. The primary stress is exerted at some point 
on the front margin where it strikes the air, while the secondary 
stress is exert(Hl on the hind margin Avhere the hind wings are hooked 





to it. This secondary stress is due to the necessity for a synchi*onous 
motion and to the fact that tin' hind wing must bi^ pulliKl along. The 
force exerted on the front margin of tin' front w’ing would be a push 
or a force causing retardation, while the force exerted on the hind 
margin of the front wing and the front margin of the hind wing 
would be a pull or a foria' causing acceleration. 

A clearer conception of the arrangement of the ti*usses in the 
hynienopterous wing will be had if we study first in some detail the 
topograph}" of a wing in which these structures are si'lTevident. For 
this purpose a front wing of Blpnnoeumjui alter)}/ jhx has been selected, 
tracings from a photograph have been made, and the trusses found in 
these wings marked as triangles by means of dotted lines (tig. IT). 
For convenience in following the course of these triangles on the figure 
they have been numbered, the same number )>eing placed on each side 
of the same triangle. For the sake of brevity they will be referred to 
in the following descriptions by these numbers. 

From what has already been said, it would )>e expected that these 
trusses should arrange themselvi's into three groups, the first strength- 
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PR(>('h:El)lN(^.S OF THE SATIOSAL ^IFREmi. 

(Miino- th(‘ .stionmtul r(‘gion of th(^ front wing, the second, the ai>ex 
of th(‘ first mnil (‘(‘11 of the front w ing, and tlu‘ third, the stignmtal 
ivgion of th(‘ hind wing. Th(‘ stigma, as alr(‘adv shown above, is the 
(*ell Se., in w hieh tin' wing iinmibrain' is almost as strongly ehitinized 
as the V(‘ins surrounding it. In g(‘ii(‘ralized geii(‘ra it is a l)i’oad ovate 
ai’ea, wliieh iind('rgo(‘s a great I'ediietion in the highly special iz(‘d 
genera until it l>e(*oin(‘s a long, narrow (*,(‘11, ])oin(ed at both ends. It is 
located at th(> })oint w luwe the gr(‘atest str<‘ss is exerted, and is in reality 
a solid truss })laced lik(‘ a cap ovei’ this arm subject to the gi’eatest 
stress. So (hat W(‘ Imve* in the shai>(‘ of stigma a I’eadily observed 
criterion foi‘ judging the eliiciency of tlu^ llightof any s])ecies,and there- 
fore th(Mlegr(‘(‘ of s[)(‘cialization to which th(‘ speci(‘s has attained. Now 
if th(‘ stigmatal n^gion of th(‘ fi'ont wing is examin(‘d. the following 
conditions are found. A large truss, truss 1, whose apex is near the 
middle of tin* stigma, with one of its basal angh\s at the* ))as(‘ of tlie 
wdng, and the other at the a})(‘X of R,. Truss '1 has its apex near the 




})ase of tin* stigma, with one of its basal angles at the point of separa- 
tion of R and M, and the other in tin* angle formed by R^ and ilj. 
Tiaiss 3 has its apex near the middle of the stigma with oin* of its basal 
angles in tin* angle betw(*en the medio- cul)ital cross- vein and cubitus, 
and the oth(‘r in the angle formed ))v and Mj. Truss 4 has its apex 
near the apex of the stigma wdth one of its basal angles at the point of 
separation of R, and R..,, and the other in tin* angle formed by the 
radial cross-vein and Truss 5 has its apex in the angle formed by 

Rj and R^ wdth one of its basal angles in tin* angle formed ])y the medio- 
ciil)ital eross-v(*in and cubitus, and the other in the angle formed b}^ R^ 
and ]\lj. Truss (> has its apex in the angle formed by Rand M, wdth one 
of its basal angles in the angle formed ))V the medio-ciibital cross- vein 
and cubitus, and the other in tin* angle formed by and Mj+g, 

Truss 7 has its apex at the ])oint w here the free part of R- arises, wdth 
one of its basal angles in the angle formed l)y Mg and and the other 
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in the an^le fonned )iy the iiKHliul ci*oss-v(dn and M,. Of tlie seven 
trusses liere enumerated, foui* of them have tlieir a})iees in the stigma, 
while tlie ivnmining threc^ have their apiees so situated as to he a dii'(‘et 
support to the trusses (‘uding in th(‘ stigma. This do(‘s not take into 
aeeount the thiekcmed eosta and the radio-medial eross-vein. which are 
also additional su[)ports to this region, while ti'iiss P, which is behind 
cubitus, is -the main support of the stress ti'ansniitted by trusses 5, 
and I). Although each of thes(' trusses is beta* de,scrii)ed as a separate 
entity, yet the fact should not l)e overlook(‘d that tlnu’e is a diivct 
interi‘elation betAvemi all the trusses. Kacdi is d(‘p(uulent on tin' oth(*r. 
It is like the side of a bi*idge, (‘omposed of a com])lex of rods and beams 
that to th(' casual obs('i*v(u* do not Ix'ar imicli i(‘lation to each othei*, 
but yet can resolved by the enginei'i* itito a sc'ries of sini])h' trusses, 
all dii •ec'tly int(u relat('d in the same Avay as the tiaissi's described here 
in this wing. 

The iinterio]* threc'-fourths of the wing being so strongly braced, 
there is no necessity for so pc'rfect a ))racing in the region of the 
tirst anal cell, bt'caiise the stress exerti'd at this point can not be great, 
and in addition the sti'ess is applied at a j)oint whei’e it can be easily 
disseminated. Thei’e are thi'(»e of these trusses, though only two of 
them are directlv connected with the anal area. Truss to occupies 
the first anal cell, with its aj)ex directc'd toward the hind margin of 
the wing and opposite the ]ioint where the hooks of the hind Aving 
fasten into the fold of the foi’e wing, dust in front of tin' apical lialf 
of truss to, witli its apex at tin' middle of the l)ase of truss lO. is 
truss S, with one of its l)asal angles at the ai)ex of and the other 
at the angle formed by ^1^ and Al^ + Cui. It is of interest that the 
stress sustained by tniss S is not transmitted directly to the front 
margin of the wing, but is disseminated over its apical two-thirds. 
The sti’css transmitted by the vein + Cip one side of truss S, is 
taken up l)v truss ll,Avhieh has its apex almost opposite this vein. 
The medio-cubital cross-vein is an excellent example of the interi’ela- 
tion of these trusses. It is an important factor in two trusses trans- 
mitting stress from the stigmatal region, and is e([inilly impoitant in 
transmitting stress fiom the anal region tow ard the ))ase of the wing. 

It is not necessary to discuss the trusses of the hind Avings in any 
detail. A glance at the tigure of a Aving (tig. <sl) is sufficient to shoAv 
that all the principal trusses are behind the costal tirea of hooks. They 
are all arranged so as to spread the stress ov('r as wide an area as pos- 
sible and also to stitfen the wing membrane, for one of the pi'ineipal 
functions of the hind Aving is to furnish sail area. 

In the preceding description no account has b('(*n taken of trusses 
12, T>, and 14. They are not of })i’imai’v impoi’tancc, but si'rve to dissi- 
pate the sti‘ess ti’ansniitted from the stigmatal and anal rc'gions. and 
to keep the membrane or sail part of the front Aving expanded. 
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Wlien the conditions existing- in such a wing as Jjlen nocam pn alh c- 
are (‘onipared with those found in the front wing of Ma(ro,t‘[f( la 
firrmjtnm the ditfercuice is very aj)parent. The trusses in the wing 
oi Manuhnjcla l)av(‘ not heen numlxu’ed. Only the most important 
liave ])een indi(*ated. From their fewness in nuin))er the read(‘r might 
])e led to conclude that the wing of Macro, np la had not })een done full 
justice, but when the form of the cell areas is tak(‘ii into consideration, 
all of them bidng either tra])(vdunis or tra])ezoids in form, it is se(‘ii 
that this arrangcmnmt i^ one of the weak('st possible. In such an 
arrangement as this each angle of each cell is the apex of a truss, 
which can have no other function than to stitlen the sail area. C'On- 
sequently, if all the trusses found in the wing of M.anuhnp4a had l)een 
indicated on tin' drawing, it would liave resulted in this wing being 
apparentlv much moi’e eftici(‘ut, at least in number of trusses, than 
that of nicanocamjm. Although tln're ai'e several trusses in the wing 
of yet it is a striking fact that these trusses are not nearly 




Pi,;. is. — T he fkont wing of magroxyela and its trisses. 



SO etiiciently placed (hg. 18). There is not so great a concentration 
of the stress to one region. The trusses instead of stittening a deti- 
nite area are scattered over the entire wing suidace. Veins that in 
nUmao<u()nj)a are constituents of important trusses are of little more 
value than to keep the wing membrane expanded in 2Lacro,vifila. 
Some of the most prominent ditferences are the position of the medio- 
cubital cross-vein and the origin of the course of the veins bound- 
ing the cell th(' position of the radial ci*oss-vein, the narrowing of 
the cells imduded between the veins H 3 and and the course of the 
transverse part of 

The adults of 2£acro,vyela fevrughun ai*e common at Ithaca. The 
lai-VcC feed on the leaves of the numerous elms found along the walks 
on the campus. The adults are very inactive, so much so, in fact, 
that they will lie still and allow thi'iiiselves to be crushed undei'foot 
on the walks. When they are disturbed in such a way as to be (*pm- 
p('lh‘d to use th(‘ii' wings, tln'V hav(‘ a slow lumberiug Might and soon 
alight again; — that is, the generalized condition of theii' wings as 



NO. 143.S. 



imv/.s' OF TTTE TEXTJTnEOTXOTOEA XAcCTTJJVnA f>l 1 

regards tli(‘ iminl>or and ari*aiig(‘inent of tlu'ir \(‘ins and triiss(\s is 
eoiilirmed by Hold ol)sei*vations that prove that tliis inseet not only has 
wings that are poorly titted foi* a lapid tlight, but that in fact it is an 
extremely poor Hyer. 

If now tlie diti'erent gi*oii])s repi’osenting families and subfamilies 
1)0 examimab beginning with the more geiK^ralized, it will Ije found 
as we proceed from genei*ali/ed to specialized that there is a gradual 
approximation to the type descri)>ed foi* W ein)o(‘(Uh pa ^ wliile in otlnu' 
groups more specialized than I}h^)ntor(UHj>a that the conditions are 
even more perfect than in this genus. These' modiheations are read- 
ily traceal)le in the change in ])osition of the I’adial cross-vein, its 
posterior end swinging towai’d the apex of the wing and foianing one 
side of a truss ]>ehind tin' stigma; the moving of the medio-cn])ital 
ci*oss-vein from a position between media and cubitus, wliere it is 
oidy of see'ondary importance in transmitting stn'ss, to a position 
between radius and cubitus, where' it is of ])rimary importance; the 
migration of M^+Cuj until it is pi'actically in line wdth the me'dio- 
cubital ci'oss-vein; the' shortening of the ladio-medial cross-vein and 
the' free pai ts of R-, and in this way gi-eatly sti'engtheiiing the 
area lying between the most important areas of tnisses, tliosc of the* 
stigma and those of ce'll The reduction of the' anal cells of the 

fre)ut wings, the second anal e*ell being of only se'cejndary impendaiu'e, 
the ))ase' e>f the thii'd anal vein is gradually atrophied, and the wing 
membrane oeeaipied ley it reTlne*ed until the pe'tiolate type of e*eil is 
obtained, which is giaelually modilied furthe'r by coateseene*e, and the 
furthe'i* reduedion of the wing membrane until the* condition e*xisting 
in the* highe'i* Ilymenopte'ra is reaedied by e*e*i*tain subfamilie's of the* 
family Te'nthrediniche. The migration e>f the apex of' Kj away fi‘om 
the margin of the wing, foi'ining an appe'ndieulate cell, to a position 
opposite* the apex of the wing. Those genera in which this type* of 
cell has been developed ha\ (' their wings gi*e*atly elongate'd. and the 
migi‘atioii of is to stitfen this increased sail are'a. 

The migration of the trairsverse parts of tlie veins, due to an e'lVort 
to form more etiiedent trusses, results in a mai'kexl inodiHcation of the 
position of these veins, and one of freepient oecni reju'e. Wh('i*e there' 
is a se'condary change in the* position of ve'ins, it can ge'uerally l)e told 
by a eompaidson with the' ge'neralized forms. This is show n in the* 
wdngs of PachijUtta (Hg, TT), LahUlanji' (tig. 7s), Loh(HurnH (tig. S2), 
and (Hg. S4), where the transve*rse pai‘t e)f has migrated 

along H- + Ml +2 on one side and along the me'dial cross-vein on the 
e)thei*. 

When thew ings of the Lydida* (Hgs. 3G-4o) or Xyelida* (tigs. 31-35) 
are eom})ared w ith those of Jile)in(frinnpa^ e>ne* of the* most notie'e'able 
featurexs is the greait number of veins. The* greaiter ethe'ieney of the 
truss system of the wdngs of Ulennoaunpn over that of the many 
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\ (‘iiHMl Nvin^-s wniild seiMii (u indirjite tliat the (‘xti’ii v<‘ins nr<^ a hin 
(Iraiiei^ i*atlu‘i‘ than an aid in stitlVnino’ tlu^ wino-. This is continued by 
th(‘ fact tliat tiiey have been sii[)j)i‘essed. If these suyiertiuoiis veins are 
a hindrance in tin' foi'iiiation of trusses, th(‘V ai‘C also in the way in 
tlie developiiKUit of wini;’ fun'ows as will be semi hy an examination 
of any of these or similar o-cneralized foiaiis. In tln^ o-cneralized 
wings the wing furrows are straight folds, permitting of only the 
minimum amount of flexibility, w’hih‘ in WeniwiHimjxi (tig. 72), 
Lycaoia (tig. 55), and Lahhlarye (tig. 78), they have been develoj^ed to 
tlndr full extent. These wing furi’ows are undoubtedly the piamaiy 
factor in etl'ecting the su|)])i*ession of such veins as the radial cross- 
vein, the imlio-medial ci*oss-vein, and the five part of H. in the front 
wing; an<l the transversi' part of M, the free part of 11^, and the trans- 
verse part of in the hind wing. The way in whiidi the radial 
furrow has etl'ected the radial ci’oss-vein is seem in the wings of D'nmmi 
(tig. 68), and Rlaidhaifercen (tig. 70), where the cross-vein is gradual!}^ 
losing its (dntinization thiTiugh th(‘ prominmice of this furrow. The 
(dlect of the median fui-row on the radio-medial cross-vtdn is seen in 
th(^ wings of Fjnira^ Pieronux (tig. 6S), (dhtdhtx (tig. 66), and Prix- 
In this latter gmnis there exist all stages from a fully pre- 
served radio-iiKHlial ci*oss-vein to its mitire disap))earaiK‘e. In the 
geinu'a Monocii nnx (tig. 67) and Lophyrux (fig. 45) an intermediate 
sidewise de\ elopment is shown in certain sfiecies where only the ])os- 
terior half of th(‘ cross-vein has atrophied, while the anterior half is 
fully preserved. 

That the loss of the free part of Cu., is due to the anal furrow is 
seen by an examination of the wings of the following genera in the 
order nauK'd: Pact ror<rox (tig\ 41). P(tmj>hiJiax (tig. 36), ('ephaJeia 
(tig. 42), Lyda (tig. 37), (.Fnolyda (tig. 38), and liyvorxhi (tig. 40). In 
th(‘S(‘ genera thmv is a complete series from a fully formed Ciu to a 
minute swelling on the side of Cii. The anal fun'ow is the most 
important as W(4I as thi^ most })rominent and persistent furrow found 
in either wing. It is found in the same i)osition throughout the entire 
ordm* Hymeno})t{‘ra. It is this furrow that furnishes the tlexibility 
in movmnent between th(‘ two wings. Ciu, having been separated 
from the anal veins by this furrow, could be of only secondai v impor- 
tance in supporting this anai: in fact it is more etliciently supported in 
the wing of Blrnnoann ]xf without it than it is iii the wing of Ij<fctror<^rox 
with it. The series here named shows that we have a gi’adual move- 
ment toward the assumption of the condition found in PJenrKtcamjxi. 
This is shown in tin* sti'aightening of that part of cubitus situated 
between the inedio-cubital cross-vein and the base of the wing, and 
tlu‘ migi'ation of the ant(n*ioi' end of the medio-(ad)ital cross-vein fi*om 
a union with media to a union with i*adius, by this movement coming 
into direct line with the subtransverse part of radius. Correlated 
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with these chang’es, thoii^’h not necessarily (Uk‘ to tlie same cause, is 
the migration of the posterior end of the radial cross-vein toward th(‘. 
apex of the wing. 

Tlie costal hinge as shown above is a thin place in th(‘ m(unl>ian(' of 
th(* wing betw(Hm the ajx'x of costti and the tip of Sc.,. This is 
imdon))tedly a W(^ak })lace in the wing that has beim hamh‘d down 
from generalized })rogenitors which did not i*e([iiire such an elhcient 
organ for tiight. That it is a weak place in the wing is shown by the 
fact that in tliose forms that are especially etlicient tlyers this area 
has been bridged ov(‘r. This is the case in the (dml)icina‘ (tigs. oh-hO), 
the Sii’icidje(tigs. SO-91), th(‘ C\‘[)hi(he (tigs. b8-lM)). and in all the liigher 
MyiiKmoptera. In other forms this wc^akness has Ixnm over(*ome by a 
d('cided thickening of the apex of costa, which simi)ly rests against 
Rj + Scy and tin* stigma, but ii(‘ver coalesces with them. The hinge 
is (\spc(*ially prominent in those gcmera with a ])i‘oad area betw('en 
costa and Sc-TR+]\I, and ])i*ol)ably scarves to make this ngdon more 
tl(‘xible. That tlu' pi‘omin(‘nc(‘ of the hing(‘ in these gem*ra is for 
flexibility is emphasiziHl l)v tin' fa(*t that theapcvxof tlie costa is not 
de(*idedly tluckem*(L Tliis (*aus(‘s a fold in tin' wing membrane 
between (‘osta and Sc+R f ^1 vi'rv similar to the furrow' found in 

this sanie region in tin* l)iptei*a, and cons('(|uently tends to stitlen it. 

In the wings of Ortjssti.s (tig. !>T) occurs the greatest amount of 

reduction found in th(* wings of any iU(*mber of tin* sup('rfainily Ten- 

fliredinoidea. It is tin inten'sting fact tliat tin* I'l'duction found in 
this g(‘nns is not amenabh* to any of the ('xplanations ali'eady given. 
In tin* meml)rane of tin' w ing has been moi’e sti’ongly chitin- 

ized than in tin' w ings of other g(*nera, and w ith tin* incr(‘ase<l chitin- 
ization of tin' w ing un'inbrain* the necessity of V('ins for stitf(*ning the 
im*m))rain‘ has been done aw'ay with, and conseipu'ntl}' tlu'v have 
gradually disappeared, being i*epr(*sented only by bands of pigment. 

Although it is not within tin' scope of the pri'sent papei*, yet it may 
not be out of place to say sometliing al)out the dynamical conti'ol of 
the w ing type in those orders wln'i-e appi’oxiinately all the veins are 
pai*allel and extend lengthwise oi* aj)proximately h'ngthwise of the 
wing. This is especially tian* of the oi’d(*i-s Lc'pidoptera and I)iptei‘a. 

Among thi* members of th(* or(h*i' L('}>idoptera tin* wings arc* bi'oad 
and long. The stress ('xertc'd on the front margin of the front w ings 
is not applied at one point as in the llynu'noptera, but is spread out 
along the entin* front margin of tin* w ing. Anotln*r point that must 
not be overlooked is the fact that there is no markc'd n(*c('ssity for a 
transv('rse stitfening, because this is ac(*omplislied by the overlapping 
scales coveiing l)oth sui'faces, which stiffen it in tin* same maniK'r that 
the overlapping shingles stitfen a roof. Tin' great majority of the 
trusses in this order have their api(*es near the apex of the cell R+]\I 
and their basal angh's at tin* margin of the wing. ddK'v s(*rve merely 
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ns ribs for stifleniiio- the, wing nieinbi-ane nnd keeping* the snil urea of 
tlie wing* expancleck If the wings of siieh generalized families as the 
Ifepialiche, Pyromorphid^e, Megalopygidas and Encleidje be examined, 
it is found that tliis elongate type of truss is present not only on the 
hind but also on the front margin of the wing. But in the wings of 
the specialized families, Sphingidie, Saturniidie, Papilionida\ and 
Nymphalida% which are noted as being rapid tiyei*s, there is a ver^^ 
diti'erent condition. In these families all the branches in front of vein 
have been crowded close to the front inai'gin of the wing, forming 
a compact series of liv(' stilt braces for supporting the area subject to 
th(' gnnitest stress. 

In the Diptera, as in the Lepidoptera, the stress is applied along the 
entire front margin of the wing, but in the wings of this order the 
covering of ov(*rlapping scales is wanting. As there is only one wing 
on each side of the body, and this is siildanceolate iii outline, the factor 
of a sailing surface is reduced to the minimum. Since the stress is 
ap|)lied along the entire front margin, and there is no posterior wing 
to exei*t any inlluence, there has not arisen any necessity for a trans- 
verse stitt'ening aci'oss the middle of the wing. In tlie generalized 
families the veins radiate out from the (‘enter of the wing to the mar- 
gin somewhat like the spokes around the hub of a wheel. The reason 
for this is seen in the necessity for the stiffening of all parts of the 
wing. Most of the species are light bodied, and consequently the 
wing membrane is delicate and the wings light in weight. Those 
species that are predacious or hover about flowers are generallv veiy 
a(‘tive flyers. In these families tliere has l)een developed a marked 
tendency toward the coalescence of the tips of the veins, so as to pre- 
vent the fraying of the wing margin. There has also been developed 
along the fi*ont margin from the base to the apex of the wing a heavy 
vein in which the longitudinal veins terminate. This is especiallv 
marked in the families Bombyliidje (fig. !^1), Apioceridaq and Midaida 
(fig. 28), where the tips of all the branches of radius curve forward and 
t(u*niinate close to the winginargin, thus accomplisliing the double pur- 
pose of j)r(Aeeting the wing margin and at the same time stifl'ening 
that part of the wing sulqect to the greatest stress. The wing of 
which has been nd'erred to before because of the great niiinbm* 
of the tijrs of its veins that have migrat(Ml forward, illustrates this 
point well. It shows how the strc^ss applied on the front margin of 
the wing is ti*ansmitt(Ml to the l)ase along the i*adial stem, while that 
on the hind margin is ti*ansinitt(‘d along tln^ im^dial stem. We find 
here tln^ i*(‘,ason for the coalescence of tln^ branch(‘s of the i*adial s(H‘tor 
to Rj 1 ‘ather than to Mj, as ha])pens in the Ilymenoptera; namely, 
because the sti ess in this wing is a})plicd only on its front margin, and 
there is a gi‘<‘atei* need for a stiffening in this diivction. That this is 
file corr(M‘t interpreqation is shown by the change in the contour of the 
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front margin of the win^’ of Jlidas as compared with that of Pantarhcs 
or Evade (fig. 22), Mida^ showing the highest t\^pe of etticiency, a 
long, narrow triangle. 

VI.— THE PHYLOGENY OF THE TENTHREDINOIDEA. 

It is essential in determining the phylogeny of any group to ascei’- 
tain what are the most pilmitive forms, to (*onipare them, and to 
determine the ways in which they have l)een modified. In making 
these comparisons the structure of a set of organs should be studied 
and the phylogeny of the group determined from this study; then 
other sets of organs should )>e examined, until all th(‘ organs of the 
animal have been examined, phylogenies based on these studies should 
1)6 made, and then compared with the phylogeny fii'st determined. If 
it is found that these successive phvlogenies coiToborate each other, 
we have a demonstration of th(‘ correctness of our conclusions. If 
they disagree, then there is indicated a need for a further examination 
of the disagreeing forms, for when correctly interpreted it will 1>»‘ 
found that the ditierent iH‘cords of the action of natural selection will 
not contradict ()ut confirm each other. In the following pages the 
first step in such an investigation, a phylogeny based on an examina- 
tion of the wings of the Tenthredinoidea, is given. 

There ai’ises, in' working out the ph}dogenv of any group, the ne- 
cessity for distinguishing between different kinds of characters. 

First, (‘haracters in^lieatin^ difference in k\nl of :<penaHzati(fn; and second, ebara<*- 
ters indicating difference in degree of s})ec}(dhutlou of the .some kind. Tlie former will 
indicate dichotoinons divisions of lines of descent; the latter merely indicate degrees 
of divergence from a primitive type. Tims, it is shown that there are two distinct 
ways of uniting the two wings of each si<le in the Lepi<loptera; they may he \inited 
by a frenulnm, or they may )>e iinite<l by a jngum. These are diffei'ences in kind of 
St lecili nation, and indicate two <listinct lines of descent or a di(‘hotomons division of 
the order. Among those Lepido|)tera in which the wings are nnite<l I)}' a frennlnm 
great differences occur in the degree to which this organ, ora substitute for it, is 
developed; such differeiu^es may merely indicate the degree of divergence from a 
primitive type, and may need to l)e correlated with other characters to indicate 
dichotomous divisions. 

Thei*e is also a necessity, as is shown lyv C’omstoek, to distinguisli 
between the characters used by systematists merely to make it possi- 
ble for students to recognize the meinbm’s of a group — vonxjnitfoo 
chanfctvvx and the e.s.srntial (dutviictev.s of a group. The essential 
characters of a group are not nec(\ssarily dependent on the presence 
or a)>seiice of any character or in the form of any part of the body, 
but on the characteristic structure of the progmiitor of th(‘ group and 
tlie direction in which the descendants of this progimitor have been 
specialized. Recognition characters are geiierally those first observed 
and used l)y the systenmtist. They may also be essential characters, 

J. 11. Comstock. Evolution imd Taxonomy, Wilder (Quarter Century Hook, p. 42. 
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hut as a rule taxonomists s(‘arch only for eliarart(H’s indicating- a 
dirt'ercncc in kind. 

Specialization may take place in two V(‘ry d i tie rent ways — hy 
an addition oi* eompli(‘ation of jairts, t^pecHdlzatUm hy addition : ,sero)ui^ 
by a reduction in tli(‘ number oi* in the complexity of y)arts, sjxxdaliza- 
iion hij rednriionX The specializations to be considered later are all 
of this latt(M‘ type. 

It should also be l)orne in mind that when an organ disappears in 
any phyllum or line of ascent it can not reappear in the descendants 
of this phylhuiK though they might develo]) a substitute foi- it. Even 
if such a substitute should be d(‘veloi)C(k it is not probable that the 
substitut(‘ would resemble the organ so (-losely as to be mistaken for it. 

In determining th(‘ phylogeny of any group, those chai*acters indi- 
cating a ditference in degree of sp(‘cialization of the same kind are the 
most useful in allotting the rank of the ditlerent groups. Every large 
group has nunu'rous charact(M*s indicating a ditference in degree of 
specialization of the same kind. Certain of these characters show the 
ascent of the gi'oup as a whole, whih' oth(*rs show only small lateral 
line's of ascent oi* a sidewise d(‘V('lopment. Charaeders indicating a 
sidewise dev(do])m(mt freepiently arise independently several times, 
and do not indicate anything as to the lim' of ascent of tlu' group as a 
whole. This is illustrated by the presence or absence of the radial 
cross-vein in the families Xiphydrii(he (tig. S5) and Tenth redin id;e. 
The presence or absence of this cross-vein is of value in indicating the 
line of ascent of th<' genera of each of these families, but is worthless 
so far as indicating any rank b('tw('(m the families themselves. There- 
fore care must b(' taken to ditferc'nt iate betw(‘en those cliaracters that 
show the ascent of the group as a whole and those charact(‘rs that 
show only a sidewise dev<dopment. 

The front wing of tlu' original progenitor of the Hyfuenoptera, and 
th(M‘efore of th(' T(*nthr('dinoidea, was undoubtedly very similar to the 
one alnaidy described as the typical hymenopterons wing (tig. 8). This 
wing ('ontains not only all those ])aids that are generally wanting in 
the Hynienoptera, but tlu' various parts are arranged in the most 
])i’imitiv(' condition known to us, as can i'(‘adily be seen by comparing 
this wing with those of the Xyelida' (tigs. ol-So) ajid Lydidie (tigs. 
bb-Io). No hym(mG])terous wing contains all the veins shown in the 
typical wing, but by combining the wings of the families just named 
the wanting })arts can be readily supplied. 

Th(' characters that have luam found tin' most useful in determining 
the asc('iit of tin' T('uthredinoidea are the ])osition of the radial cross- 
vein, th(' j)osition of the medio-(‘ubital c-ross-vein, and the reduction of 
the anal cells of tin' front wings. 

Hitherto the spe(-ial modiheations of tin' wing veins of the Tenthre- 
dinoidea have In'i'ii considei’ed in detail, particularly with respect to 
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the way in whieh (h(‘ ]4ro<4i‘('ssive moditicatioiis of I'acli part has ariM‘n. 
Let us now eonsiclei' the iiiterreiation of the vai ious parts in its bear- 
ing- on the phylogenv of the group as a whole, and its bearing on the 
i*elatio?i of the Tenth i*(^dinoiclea to the otiuu* snpei'faniilies of the 
Hy inenoptera. 

The supi'rfainily Tentliredinoiclea is a hoinog<uu>ns group easily 
deinareated fi-oni all other 1 lynunioptera by several struetural charac*- 
tei-s other than those found in the wings. The etieet of natural selec- 
tion on their wings has tended to modify tluuu along so many ditierent 
lines that it would be strange if we should lind any single character 
that would circmiiscrib(‘ the group. This iias befui found to Im‘ tnn\ 
though the separation of 
the group is readily ac(‘oni- 
l)lished ])y the (unployment 
of several coordinate char- 
acters. 

As has ali’eady been 
pointed out s(‘\end tiim\s, 
the snpei family Tenthredi- 
noidea contains all those 
geiuua of th(' Hvmenoptera 
that are especially general- 
iz(*d, as the free part of the 
veins \i^, (.hi.,, !id A, and 8d 
A is found only within the 
limits of this siip(M*family. 

The great majority of the ^ 

members of this superfam- ^ 

ily can be distinguished lyv fp 

the pieseiue in the fiont fh;. 19— the base of the radial sec-tor. cc. c.enolyda 
wino'S of eithei’ the second semidea; b, Tenthkeico flava: r, Cladiis PEOTiNi- 

, 1 11 1 .. 1 C’OKNIS; f/, r.xrRURFS ('V.\NErs; C, MEGALODONTES SPISSI 

or third anal cells oi* both. ^ornis. 

In a few subfamilies of tlu‘ 

family Tenthredinida^ both of these cells are wanting. But these sub- 
families, Incaliina‘, iVcordidecerime (tig. S3), Lobocerime (tig. 8i2), 
Pteryogphorime (hg. 81), and Pei-gina^ (tig. 8d), of which only the 
second is represented in our fauna, are easily distinguished by the 
])Osition of the inedio-cubital cross-vein, which always extends 
between radius and cubitus, while in all other Ilymenoptera other 
than the Tenthredinoidea, and even in certain members of the Ten- 
thi*edinoidea, as has alretidy been shown, this cross-vein always 
extends between media and cnl>itus. Other minor dilierences that 
should be noted are the preservation of a much greater number of 
veins in the radial and medial ai*(‘as of the hind wings — this is true 
even in those subfamilies in which the anal cells of the front wings 
have been suppressed -and the preservation of the third anal vein 
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of the hind win^s, which appcjirs to lie wanting’ only in the ^enii.s 
(tij4‘. th). 

The most notable diti'erence is found in the condition of the base of 
the radial (*ross-vein. The radial sector sepa ratios from at or before 
the base of the stii»-ma. This is shown in the wini^s of MacnKPijela 
(tig. 83) and Cxiiolydn (tig. ID, a)^ where thi‘ i‘adial sector, after sepa- 
rating fi*om Rj, extends transversely fora considerable distance before 
extending longitudinally. The radial cross-vein in Macro.rifcJa is a 
perpendicular vein extending from near th(‘ middle of the stigma to 
near the middle of the cell R^. In Bitctrocenfs (tig. 41) this cross- 
vein joins the stigma neai* its apex and the cell R^ near its apex. In 
the genus Tentliredo (tig. ID, 1>) the radial sector likewise arises fi’om 
the base of the stigma, but ditiers from Mucro.njela and Ca^nofyda in 
that the base of the radial sector does not extend transversely, but 
extends from along Rg to the margin of the wing in a continuous 
regulai’ curve. The anterior end of the radial cross-vein is beyond 
the middle of the stigma, as in Bact metros., and the posterioi* end has 
migrated to near the middle of the eell R^. Clad his (tig. ID, e) shows 

a condition similai* to that found in Tenfhredo^ except that the radial 
cross vein has atrophied, but it should be noted that in both of these 
genera — the one with a i-adial cross-vein, the other without — the radinl 
sector arises in exjictly the same manner. In I\iururni<(Ci%. 1!>, d) the 
radial sector arises in a similar manner to that of Alaero.njtda and 
OcT/iohfda.^ (vxcept that the transverse part is not so prominent. The 
radial cross-vein extends between the apical third of the stigma and 
the api(‘al third of cell Rr,. It should be noted that this cross-vein is 
parallel with the ti*ansverse part of the radial sector and appears to be 
the direct continuation of that part of the radial sector beyond it. 
This appearance is emphasized by the j)osition of the posterior end of 
the radio-medial cross-vein, which has migrated along the base of 
media until it has come into line with the longitudinal part of the 
radial sectoi*, so that one not very familiar with the topography of 
this area might (^asily maki‘ the mistake of considering this vein as 
arisingat the ])osterior end of the radio-medial ci*oss-vein and the basal 
or transverse paid of the radial sector, as w(dl as the radial cross- vein, 
as cross- veins. 

The wings of Mt <f(dod<odes (tig. ID, <) are shorter and more com- 
pact. and there has b(‘en a crowding of the cells R, R., 1st R^, and 
into the area b(*hind the stigma, resulting in a condition similai’ to 
that found in Pinirunis. There are th(‘ following diti'erences, how- 
(‘ver: The transverse part of the radial s(H*tor and the radial cross- 
vein are longer; the cross-vein is niori' oliliipie, and the appearance 
that it is the base of R^ is more strongly emphasized; and the ludio- 
medial (‘i*oss-vein appears to be th(‘ continuation of the vein extend- 
ing fi'oin the posterioi- end of the i‘adial ci'oss-vein to the anterior end 
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of the radio-medial (To.ss-vein, the entire vein appeaiino- as a trans- 
verse vein comparable to the free part of K^. In J/a(V‘oc<p/n/s 
(ho-. ^20. if) there is a farther modification of the condition found in 
the cells 1st and R are al)oiit cijual in length, so that 
the vein foianing their outer ends, which extends from the posterior end 
of the radial cross- vein to the posterior end of the I’adio-medial cross- 
vein, is but little longer than the free part of R-, and is only slightly 
angulate. The fact should not be lost sight of that this vein is a com- 
posite one, being made up of the radio-medial cross-vein and a part of 
the radial sector. In this 







win g the cell 2d R^ + IT is 
much longer, and the incli- 
nation of the radial cross- 
vein, together with the 
(‘ourse of the vein forming 
the apices of the cells R 
and 1st Rj, emphasizes the 
fact still more sti-ongly 
that it might be the ))ase 
of R.j instead of the radial 
(‘I’oss-vein. That part of 
the radial sector extending 
from tlie base of the stig- 
ma to the anterior end of 
the radio-medial cross-vein 
in this wing extends almost 
longitudinally. In 
(‘i/noshdti (fig. 20, 1})^ the 
base of that part of the vein 
just described has faded 
out for a short distance 
near the stigma, while in 
ahhreri(tfi(s (fig. 20, 
c) the base of this vein has 
faded out for over half its 
length. If the remainder of the basal part of the radial sector should 
atrophy up to the point where it is joined to the anterior end of the 
radio-medial cross-vein, and if it wei*e not foi' the sin-cessive stages just 
described, then the I'adial sector would be considered as arising from the 
middle of the stigma and the entire first transverse vein, as a cross-vein. 
Thi s is exactly the inteipretation that has been given to these veins 
throughout the higher Hymenoptera, where this very condition exists. 
The same condition is found in the Tenthrediiioidea in the genus 
(fig. 20, (J). but this genus is not so interesting in this connection, 
because the first transverse vein, i. e., the radio-medial cross-vein plus 



Fig. 20.— The switching of the base of the radial sector. 
«, Macrocephus satyrus; h , Janus cynosbati; c, .Ianus 
ABBREVIATUS: d , ORYSSUS ABIETINUS; C, PELOPvEUS cemen- 
TARius; /, Apis mellifica. 
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a part of the radial sector, has also atrophied. The atrophy of the 
base of the radial sector results in the imioii of the cells R and 1st Rj, 
a condition not found in any Tenthi’edinoidea other than Ory.si<tts and 
f)]>hrijn(>i>}(^. This character is probably common to the other two 
genera of this family which are not known to the Avrit(‘r. That the 
above interpretation is the correct one is con tinned by the examination 
of the winu’s of the <»*enera Rhxjas^ Axhtens^ (raderxption ^ P< Jojwni< 
(tio‘. 20, c), and Aph (ti^-. 20,/’). If the l)ase of the vein starting- otf 
from the sti^’ina in the tirst four of tliese genera be examined, it is 
found that it extends oblicpud^’ to the tirst transvei'se vein just as in 
Al((f(/lo<loHtr.s, and Janus. If tliis vein were the base of the 

radial sector, it would ])roceed in a re^'ular curve, as in the generti 
Ttnthndo and C/adtus. The composite natm*e of the tirst transverse 
vein is shown l>y an examination of this vein in certain specimens of 
Aj>is^ where it is not straight but angular, as in (Jp/nw. In certain 
genera of Apoidea, as Bnnd>\i.^^ PsdJnjru>\ and and of Larridae, 

the base of the I’adial sector is' preserved as a tine thread-like vein, 
frequently entirely colorless, while in some other genera only the 
transparent stubs remain. 

The superfamily Tenthredinoidea can be diti'erentiated from the 
other superfamilies by the presence in the front wings of one or both 
of the anal cells, or, if both be wanting, with the medio-ciibital cross- 
vein extending between R+M and cubitus; the cells R and l^t 1/ 
separated by a V(dn as broad as any of the others, or if not separated, 
with the tirst anal cell piesent. 

The superfamily Tenthredinoidea is divisible into nine families. 
They are the Xyeliche, Lydidaq Blasticotomidaq Tenthredinidaq Xiphy- 
driidaq Siricida', Megalodontidaq Cephidaq Oryssida*. They are all 
represented in the American fauna except the ^legalodontidai and the 
Blasticotomidaq and contain a vei*v limited mimbei- of species except 
the family T(uithi*edinidaq wdiich embraces several hundred species and 
a large nimibei* of subfamilies. 

The close relation of these families is proven by (‘haracters showing 
a ditierence in degree of specialization of the same kind, but through 
the loss of certain of the intermediate stages those (‘haracters indicat- 
ing a ditference in degree of specialization of the same kind are here 
just as useful as characters indicating a difference in kind of speciali- 
zation for marking di(‘hotomous divisions. Although each of these 
families reqwesents a period in the development of certain characters, 
yet the series is not a lineal one: that is, the connec'ting links do not 
lie between the vai-ious families, but behind them. They have been 
develop(Kl from a common progenitor wdii(‘h transmitted its charac- 
ters to its otfspring in an (dementary condition, jind these offspring 
have dev eloped along several parallel liu(‘s. Fortunately foi* our study. 



N(f. 143^. 



\VL\r;s OF rilK TFSTlinEDlSOlDKA—MArOlLUVnA V. (>21 



oti'sprino* have all arrived at ditlVrent stages in tladr asc(‘nt, and 
1)V a eoniparative study it is possible to d(‘terniin(‘ tin' I’oad alono* 
whieh they have traveled. From this it is evident that in this snper- 
fainily thos(‘ characters of value as essential chai‘act(*rs are eifiially 
valuable as recoo-nition charact(n’s. 

The relation of the fainilic\s of the Tenthix'dinoidea can be b(‘st 
shown l>y the followinii* synopsis. 

SYNOPSIS OF THK FAAIILIFS OF TFNTfl K'FIUNOl DFA. 



The generalized Teiitliu'dinoidea Xyeli<he. 

Lydida*. 

The si)eeialized 'l\‘Hthredinoi<lea: 

The cell group Blastieotoinidje. 

Teiithredinida*. 

The cell grout) Xi£)hydriidce. 

Sirieida*. 

]\lt‘galo<louti(he. 

CVt)hida'. 

( )ryssid?e. 



T 1 1 F ( t FX 1^: HA L I ZFl ) T F>X T 1 1 K F I ) I NO 1 1 ) I ^ A . 

The generalized Tenthredinoidea einbrac(‘s two families, both of 
which are near the sbmi form of the original })rogenitor of the Hyme- 
nopteria. They are marked as gtmeralized types by tludi’ short, )>road, 
many-veined wings, in which the veins Innu' not luM'n an*anged to the 
best advantage foi- stitlening the stigmatal and anal an^as. Tlu'V are 
further distinguislu'd by the origin of the radial s(‘ctor distinctly 
before the stigma, and by its prominent snlitransverse bend away from 
the stigma. The coui*se of the apex of the vein in both wings also 
demarcates them: this vein luuir tlu‘ point of origin of the \ ein bends 
abruptly toward the margin of the wing, so that th(‘ cell on its front 
side, IL or 2d + is blunt oi- subtrnncated at apcvx, a condition 
found only in generalized gemu’a. 

This group is of particular interest to the student of })hylogeni(‘s, 
because it approaches nearest to the typical wing in its rcdention of 
subcosta, the free ])art of and the free }>art of Cu.,, though this 
latter is also found eomi)lete in oik' genus of Sii-ici(he. 

Xfjelida ^, — A small family embracing live genera and a limited num- 
ber of species, which are contined mainly to the ^Vmerican fauna. It 
is easily separated from all other llymenoptera by the j)resence in its 
wings of the free part of the v(dn K.,. The family contains, at least 
so far as their wing venation is concerned, th(‘ most generaliz(‘d llyme- 
noptera known (tigs. 31-B5). This is shown by the origin of media 
near the middle of the costal area; by the pm’bad ti*ans\ ers(‘ direction 
of the radial cross-vein, whi(‘h is situated midway l)et\veen th(' radio- 
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medial cross-vein and the origin of the position of the medio- 

(•ii])ital cross-vein near the posterior end of the radio-medial cross-vein 
in MmoxyAa (tig’. 34), its location about halfAvay between this cross- 
vein and the point of separation of media in Xydn (tig. 35), its niigra- 
tio]i toward the base of the wing until still neai*er the origin of media 
in (tig. 31), and < >do}\to])hyes 32), and tinallv in Mavrox- 

yela (tig. 33), to a position only a very short distance before the origin 
of media; by the progressive migration of the free part of M^+Ci^ 
from just before the apex of the tirstanal cell in to just beyond 

the middle in Miu^roxyehc by the pi’eservation of the radio-medial 
cross-vein in the hind wings of Jllegaxyeht^ Odontoj)hifes^ and 2£acrox- 
yehf : and by the location of the fi'ee part of of the hind wings 
near the apex of in these same genera. 

It is worthy of note that the Xyelida^ have departed from the t\^pe 
of wing assumed for the original progenitor of the llymenoptera only 
in the loss of the free part of the vein Cu.>. It is also of interest that 
although their wings are distinctly generalized, yet in man}" ways they 
have undergone prominent progressive specializations, and that in each 
case these specializations have not proceeded in the same order. The 
variation in the order of specialization of the different genera will be 
seen in the following lists of genera which are arranged from gener- 
alized to specialized. If the modifications of the subcosta be taken 
they would be arranged, thus, Odontophyes, ]\[e(jaxyeJa, Mavroxyela^ 
Xyela,, Xai^oxyela ; if the shape of the stigma thus, Xyda^ ^fanoxyeJn, 
Macmxyda^ Meyaxyela ^ Oduntophyen; if the position of the medio- 
cubital cross-^'ein, thus, Manoxydn^ XyeJa^ ( )d(mtopJtye.s^ ^feyaxyela^ 
Macroxyela : if the position of the free part of M^-f-Cu^, thus, Xyda^ 
Odontophyei<^ Mryaxyda^ MiUioxyeJa^ ^lacroxyda ; if the origin of media 
thus, Xyda, MncmxyeJa^ Mahoxyela^ OdontopJtyes^ d^feyaxyda. If now 
the position of the five genera be tabulated for the five (*haracters given, 
it is found that Mdjaxyela occupies all the positions but the first, and 
occupies the fourth twice, Odotd(phyes occupies each of the five places, 
Mucroxyda occupies the third and fifth each twice, and does not occupy 
either the first or fourth, Manoxyela occupies each of the five places, 
Xyda occupies the first place three times, and does not occujw either 
the third or fifth. 

This family is divisible into two subfamilies on tlie form of the base 
of the subcosta of tlu‘ front wings. In one subfamily, of which 
Xuvroxyela (tig. 33) may be taken as the type, the subcosta extends 
from the base of the wing midway between costa and R + M to beyond 
the origin of media, where it divides into two branches, one going to 
the costal mai-gin, the other extending transversely coalesces with 
radius. In tlu‘ other su])fainily, of which Xyda (tig. 35) may be taken 
as th(‘ type, th(‘ base of sulx-osta is closely appressed to R + but 
do(‘s not coalesce with it, to aliout the middle of the distance between 
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the baye of the ^ving and tlie stigma, wliere it turns abiaiptly towai’d 
tlie margin of the wing. The free part of the vein Sc^ and the cell Sc 
have been suppressed by the close aj^proxiniation of the steins of Sc 
and R + M. 

L)j<U(hi ^, — The Lydida" is an easily circumscribed family of ten 
genera and about one hundred and twenty -tiv(‘ species which are 
peculiar to the noidhern hemisphere. This and the Xyelida^ are the 
onlv families of Hymenoptera in which subcosta has been })reserved 
in tlie hind wings (tigs. 3(>-48). In this chai‘acter the Lydida' are more 
generalized than the Xyelida'. The series of wings liere shown are of 
value as indicating the manner in which the siibcosta of the hind wings 
has been suppressed, namely, liy atrophy from the base toward the 
apex. This family is noteworthy for the retention in many species of 
the free part of Ciu, though this chai’acter has been })reserved in a lim- 
ited numbei* of species of the family Siricida‘ (tig. Sli). The Lydidie 
have departed farthei- from the tvical hymenopterous wing, and 
are thei'efore more specialized than the Xyelidav This is shown by 
the origin of media much nearer th(‘ origin of tlie radial sectoi*, so 
that the cell R is only about as long as wide; by the position of the 
posterior end of the radial ci’oss-vein, which \aries from a position 
on the apical two-thirds of the cell R. to a position inbu’stitial with 
the free part of the V(dn Rr,; by the position of the anterior end 
of the medio-culntal cross-vein at or just beyond the oidgin of the 
media; by the loss of the free part of R^; by th(‘ coalescence of the 
tip of R^ for a greatei* distance from the margin of the wing; lyy the 
ditference in the shap(^ and ])osition of the cell ^1^ due to change in 
position of the stem of media and of the medio-cubital cross-vein; in 
the hind wings by the greater coalescence of the stem of media and 
the radial sector; and by the great(u* constriction of the apex of the 
first anal cell of the hind wings du<‘ to a coalescenc(‘ of the tii*st and 
second anal veins. Tln^ loss of the free part of the second liranch of 
cubitus is a gradual one. It is complete except for the point where 
it is crossed by the anal furrow in IJohfda (hg. 48), Pa}n pldilhis (tig. 
89), and BactrtKYnm (tig. 41); in Luda (tig. 37) and C<p]u!j(da (tig. 42) 
the posterior half is wanting: in ('irnohjdif (tig. 88) it is only a small 
tubercle on the posterior side of cubitus, while in yan'otoHuf (tig. 88) 
and ItycorPm (tig. 40) th(u*e is left only the convexity, indicating 
where the free pai‘t of Cu., was situated. The Lvdidie ditfei* from the 
sp(M*ialized Tenthredinoidea in the preservation of subeostti of both 
wings, the origin of media, the shape of the cell 1st R^ + R^ and the 
course of the radial cross- vein. 
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THE SPECIALIZED TENTHREDIXOIDEA. 

Beginning with the fainilies here included, tliere is found the first 
nuirk(Kl departiii*e from the typical hymenopteroiis wing. This 
group is differentiated hy the almost entire loss of the base of sub- 
costa. The only exception is found in c(M‘taiu species of Siricida? (tig. 
87), in which a subcosta of the type found in Xe\irotohui (fig. 86) per- 
sists. It can })e traced as a })ale, indistinct line through the middle of 
the area between costa and K+M in wings which have been cleared 
tind mounted in Canada balsam. In addition to the loss of the base of 
snbcosta, thei’e is a decided shortening of (*ell R, due to the coalescence 
of radius and media to Jiear the )>ase of the stigma. The wings are 
longei*, narrower, and more efficient organs of flight. The base of the 
radial sector has lost its prominent transverse curve, and measured 
along R.^ extends to the margin of the wing in a regular curve. The 
stigma has lost its broad quadrate outline, and, except in the g*enus 
Blasticotoma (fig. 44), it is narrow and diamond shaped. 

The specialized Tenthredinoidea are divisible into two distinct phyl- 
logenetic groups on the position of the posterior end of the radial 
cross-vein, in one ending in the cell R^, in the othei* in the cell R^. 
The position of this cross-vein, together with the position of themedio- 
ciil)ital cross- vein and the direction of the base of media, mark these 
groups as veiy different lines of development. 

The determination of the se<pience of these groups in a lineal 
arrangement has been a difficult one. In the answering of questions 
of this nature, the rule laid down by ( 'Omstock^^ seems the most avail- 
able one: 

It seems to me that tlie most })ractieable way of meeting this difhculty is to begin 
with the description of the most giaieralized form known, and to follow this witli 
descriptions of forms rejjresenting a single line' of develo]4inent, passing successively 
to more and more s]>ecialized forms included in this line. When the treatment of 
one line of develo[)ment has been completed take U]> another line, heginning with the 
most generalized member of that line ainl clearly indicating in the text that a new 
start has been made. 

This shows clearly the method of procedure so far as the conq)onents 
of each line of development are concerned, but the difficultv here to be 
met is the determination of the sequence of the lines of development 
themselves. For the sake of lirevit}^ and convenience in referring to 
these lines of develoinnent, they may be known as the cell R^ grou[> 
and the cell R ^ groiq). As is indicated above, in the former the radial 
cross-vein ends in the cell R^ and in the latter in the cell R^. Both lines 
contain families that arc' vc'rv generalized and are consequently neai' 
the stem form. In the aiTangement here ado})ted, it has been assumed 
that the group that departs fai thest from the condition of the original 
progenitor of the group should be given the highest rank, because 
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they have shown by tlie iidoption of tliese nioditieatioiis i;*reater a)>ility 
to conform to (mviromental iiioditications. 

The cell o-i-oiip finds its oreatest modifications in the position of 
tlie radial cross-vein, tlie position of the medio-ciihital cross-vein 
between 8c + H + ^I and (*nf)itus, and in the loss of the anal cells. The 
cell K. group finds its greatest modifications in the swinging of the base 
of media toward th(‘ apex of the wing, the atrophy of the base of the 
radial sectoi*, and the loss of the second anal cell. It has been shown 
that the trend of modifications in these wings is toward the arrange- 
ment of the veins in such a way as to form supporting trusses in the 
stigmatal area. The cell groip) has accomplished this by means of 
the medio-cubital cross-vein alone, wliile the cell Kr, group has 
em})loved not only the cross-vein, but combined it with tlu^ transverse 
l>art of media. The tact that this latter type is the one j)reserved 
throughout the higlnu- I lymenopt(‘ra would seem to indicate that it is 
the one that has been most successful in meeting the re((uiivments of 
natural >election, and conseipiently must be the most efficient type. 
Th(^ loss of the base of the radial sector, which is peculiar to the C(dl 
IT, group, and likewise to the higlnu’ 1 1 ym(‘no])tera, would also seem 
to point in this sanu' dir(‘ction. On the otluu* hand, the cell 1^ group 
has exceeded the cell group in the loss of the anal cells, which is 
likewise peculiai* to this group and the higher llymenoptera; but even 
this condition is apt)roximat('d by the cell IT, group in tln^ genus 
(/rf/ssvs (fig. ItT), where tin' second anal c(dl is a})t)arently wanting. 
So fai* as structural modifications are concerned, the weight of the 
evidence shows that the modifications found in the cell group ha^'e 
departed fai'thest from the pi’imitive type, and we ai*e therefore justi- 
fied in giving it the pn'cedence here. 

Another fact that shoidd not be overlooked, although it does not 
refei* to structural predominance, is the number of descendants. The 
cell K;, group contains five families, all of which are limited tis to 
number of geu(U*a and sp(^cies. The cell group contains two fam- 
ilies, one containing a single speci(\s and the othm' many times as 
many genera and species as is found in all the remaindei* of the dAn- 
thi-edinoid('a tog(‘ther. The predominance of the cell \\^ group would 
seem to contradict oui- (‘onelusions from structural supcu'iority and 
thei'cfore of efhcuency of type, namely, that the ]m‘dominance of indi- 
viduals is a dii'ect contii-mation of the su})ei’iority and ethiumicv of the 
C(dl IT type. This is only an appaient contradiction, foi*, if sti*uctural 
superioi'ity and pi*e<iominan(*(‘ of descendants are compared in other 
gi‘ouj)s of animals, it is found that in those gi’oups where there is a 
marked^ structural su})(‘i*iority there are a limit(^d number of genera 
and s)>ecies, while in those groups where thei'c is a marked predomi- 
nance of descendants, tlnw are as a rule only mediocre so far as struc- 
tural superiority is concerned. 



VOL. XXIX, 



62 ('> i^iocm'Auyas of the xatioxal museum. 



THE CELL R4 Gliorr. 

It has h(^(Mi noted that tlierc an' two inoditications in the stioinatal 
legion that go hand in hand. The om* is the pi-ogressive eoalcseenee 
of tlie media fi‘0111 tlu‘, middle of the costal area to near the stigma; the 
other is the jirogi'essive migration of the medio-cubital cross-vein from 
a position near the apex of the cell R to a ])osition in the angle between 
K and M. In tin' c(*ll group there is found the consummation of 
these modifications, the iiase of the media moving still neai’er the 
stigma and the cross-vein cutting loose from media and migrating 
along Sc+l^+^I until in some genera it is moiv than its own length 
away from the media. It is doubtful that this moving of the radial end 
of the cross-vein towai'd the base of the wing is in every case a bona 
tide migration, and herein probably lies the explanation of why this 
character i.-^ of little value in certain subfamilies of the Tenthredinidie. 
If the wings of Sfron(/i/lo(/((M<^r 51 ), Sfroii/hr)Ciros(ti^. 50 ), and 
Selmuh'ht are examined, it is found that in the first the cross-vein 
arises in tlie angle between R and ls\, and that radius extends toward 
the stigma in a regular curve; in tin* second the (‘ross-vein is farthest 
from AI, but that beyond the cross-vein radius makes a more promi- 
nent bend toward the stigma, while in the third the cross-vein is dis- 
tant from AI and radius makes an abrupt bend toward the stigma. 
The evidence here suggests that in the case of Sehuidvfff this condi- 
tion was reached by a coalescence of tlie anterior end of the cross-vein 
and vSc-|- R“h AI . 

This group is noteworthy as being the only one showing the different 
ways in which the anal area has been modified and therefore the suc- 
cessive changes that have resulted in the complete reduction of the 
anal cells. 

The position of the radial and medio-cubital cross-veins marks the 
group as a sidewise development, this arrangement of parts being 
peculiar to the group. With the exception of a single case in the cell 
Rr, group, it is the only place whei'e the radial cross-vein is lost. 
This peculiarity has arisen indei)endently a number of times in the 
family Tenthredinida'. When present, this cross-vein is alwa3^s oblique 
to R3+4 and never perpendicular, as in the generalized Tenthredinoidea. 

The hind wings are practically the same in venation as those of the 
Lydidie, except that in some forms the free part of the second anal, 
the free part of R^, and the transverse part of AR has atrophied. 

HJmflrotomidc ^, — A family containing a single genus and species, 
found onlv in central and eastern Europe (fig. 44 ). This is an isolated 
archaic tvpe. It is, in (‘ci’tain of its characters, closelv telated to the 
Xyelida* and Lydida*; in others it api)roximates the Tenthredinidea; 
that is, it is intermediate* betw(*(‘n tiu'se two groups. The area between 
costa and Sc+R+Al is hardlv more than a line and all trace of the sub- 
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costa is wanting. Tlie stigma is a broad o\ al area like that ot* the Xy(‘l 
idle. The radial sector se])arates from K, distinctly l)(‘foi(‘ the stigma 
and extends to the wing margin along in a regular eiii’ve. The a|H‘x 
of the cell 2d Kj + R., is broadly rounded, just as in the generaliziMl 
I cmthredinoidea and Megalodontidie (iig. i)2). Th(‘ i*adial cross*v<‘in is 
joined to the stigma at its api(*al fouidli and to tlu^ vein neai’ the 
middle of the cell R^. The radio-medial (uoss-vein is wanting. Media 
si‘parat('s from radius a shoid distance in front of the radial siH'tor; it 
extends transversely for a short distance, tinm extends in a bi‘oad 
bow-lik(‘ b(md to the point of sepai’ation of ^1,+., and much as in 

IuK‘trn(‘aHK^ (iig. 41) and ltyrors!(( (tig. 40). Tlu‘ anteidor end of th(' 
medio-cubital cross- vein is joined to media at the posterior end of its 
transvei’se part and the postei'ior end of th(‘ (‘ross-vein to cu])itns just 
beyond its ndddle, the cross-vein (‘xtending frtjin this point to media 
in a piominent cui’ve, so that the cell is in th(' shape of a seini- 
cii'cle. The cubitus is a straight vein, closely appressed to Sc+R+M at 
th(‘ base of the wing, but not coalesced with it. The free part of 
M^+CUj is situated near as in tlu‘ Lydidie. the vein being trans- 
verse instead of oblique. The anal C(dl is of the form found in the 
typical wing. In the hind wijigs th(^ (‘ell R^.^ is bluntly I'ounded as in 
the fore wdng and tln\v ditlVi* fiom the Lydidie only in wanting the 
subcostal V(‘in and in that the transverse part of media is nearer the 
apex of the wing. 

Almost every writei- who has studied this species has located it in 
a ditferent place. It has been placed in the subfamily I ly lotoniinie 
(tigs. Tb-TD), or as a separate subfamily, or as a tribe near the genm-al- 
ized Tenthredinoidea. It has athniti('s with the genei'alizi‘d Tenthredi- 
noidea in th(‘ shape of the stigma, the shape of the apex of tln^ cell R.,, 
and the position of the medio-cubital cross-V('in. It is allied to the 
family Tenth redinidie (tigs. 4n-S4), iji the course of the base of the 
radial se(‘tor and in the ])osition of the I’lidial cross-vein. It ditl(U‘s 
f]‘om the generalized Tenthredinoidea and tln^ geiuM'alized Timthredi- 
nidie in the constriction of the anni between costa and Sc+R + M. 
These chai’acters indicate' it as a })i‘imitive foian closely relat('d to the 
family Tenthi'('dinidie, which tinds its }>roi)er location as a distinct 
family just before tin' Tenth redin idle. 

D^nf/indhude ^. — A large familvwith numerous subfamilies, genei’ii, 
and specie's, found in all })iirls of the world. The stigma is of mod(*i'iite 
siz(', ovate' in outliiuv The' costa in most of the species is distine'tly 
thickened toward the' apex. The area between costa and Sc+R+M 
is of varying width, the' su)>eosta is represented only lyv the free part 
of SCj, and only iii rai*e cases is all trace of this wanting. The radial 
cross-vein is joined to the stigma near its apex and to near 

the apex of the cell The' radial sector e'xtenels from the base of the 
stigma in a regular curve'. In many genera the angle betwec'i^ the 
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stigma and the base of the radial seetor has been sti*ongly ehitinized 
seeondarily, so that the radial sector apjxMirs to arise from the base of 
the stigma, Imt it is always possible to differentiate this secondary 
part from the stigma and the vein because of the dilfeience ii» the 
amount of chitinization. This condition is veiy prominent in Ilemt- 
ckroit (tig. 02) and PendUta (tig. 0t>). Media separates from radius 
near the stigma. The anterior end of the medio-eubital cross-vein niay 
l)e joiiK'd to it at its origin or arise from the angle between R and 
or be joined to Sc+R+M at various distances from the origin of M. 
The anal cells show a marked progressive moditieation, but this and 
the other modifications can be dealt with bettei* under the discussion of 
the subfamilies, and will be treated there. 

It has been shown that the intei’relatio)) of the medio-eubital cross- 
vein and the origin of media is one of the most useful ehai'acders in 
indicating’ the secpience of th(‘ different famili('s. Although thei’e is 
(juite a little modification in this I'egion within the family Tenthredin- 
i(he, yet it is worthless for our present purpose, since it does not 
indicate anything as to the phylogeny of the group. The anal veins 
and cells maintain the same form and relation in all the families of 
the Tenth redinoidic except the Oryssidie and the Tenth redinida*. 
In the Tenthredinidje this area goes through a series of successive 
changes that ai’e just as valuable in indicating the sequence of the 
subfamilies as the position of the ni(‘dio-cubital cross-vein is in indi- 
cating the sequence of the families. Using, therefore, the anal area 
as a basis, this family can be divided into the following subfamilies, 
the relation of which can be best understood by means of the follow- 
ing synopsis: 

SYNOPSIS OF THE SUBFAMILIP^S OF TENTIIRPIDINIDyE. 

(Tenpvalize<l I.ophyrime. 

EmphytiiiiP. 

Splandriiiup. 

Dolerina^ 

Pliyllotoinliia'. 

Sppcializp<l Tenthredini<la*. 

Anal cell foiiservprs. 

Second anal vein conservers Lycaotinav 

Tenthredinina^ 

Ciml)icina\ 

Second anal vein losers. 

Second anal cell reduced by atrophy. 



(^)stal area conservers. 

Radial cross-vein 4‘onscrvcrs Hoplocampina^ 

Dineurime. 

Radial <Toss-vein losers Monoctenina'. 

Cladiina*. 

Neniatina*. 
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Costal area losers Blennoeampina\ 

Feniisime. 

Seolionenriiiie. 

Second anal cell reduced Ijy coalesctnice TTylotomiiae. 

Scbizoct'rime. 

Perreyiin«"e. 

Anal cell losers Tncaliime. 

Lol)oceriiue. 

Acorduleceriiue. 

Ptery^opli<»rina\ 

Per<i:iiue. 



GENERALIZED TENTHREDINID/E. 

The Hve suht’amilii^s hei*e iiu-Iiuled do not represent n eontinuous 
line of inoditieation. Kach subfamily is a se|)arnte entity, I'cpreseut- 
ine’ only the tip of a lin(‘ of ascent. In tln^ anal area they hav(‘ 
retained tlie primitive condition of tin' typical wine*, hut in other 
reo’ions they are distinctly modified. The ei*ou]) contains e*enera that 
have been distribiit('d amone* various subfamilies. The piaiuitive con- 
dition of the anal (‘ells and the prominent contraction in the thii'd anal 
vein shows their close relation to the eiuieralized Tenthredinoida', 
their close attinity as a group, and furnishes ainph' reason for their 
inclusion as si'pai’ate subfamilies in this place. 

Lojfhi/ri tne. bn^ad arcvi between costa (tig. 45) and Sc+K+i\I, 

together with th(‘ distinct free part of and tin' origin of media 
from K, much as in the g'(UH'ralized families, denominates this grou[) 
as a generalized oiu'. It is spc'cialized in its loss of the radial cross- 
vein and the open condition of the apex of tin', C('M Kj+o of the hind 
wings, in th(‘S(' ways surpassing all the sul)families of the generalized 
Tenthredinida'. Tin' base of the ladial sector bends abruptly toward 
the apex of the wing, ))ut not as abniptl^' as this vein bends in the 
Xyelida' (tigs. H1-B5) and Lydidje (tigs. 3r)—43). The apex of the cell 
Rj +2 front wings is moderately blunt, due to the bending of 

abruptly towanl the wing margin at the origin of K^, though pointed 
at its actual apex; the cell is about twice as long as wide; the vein 
is joined to the middle of the, cell the medio-cubital cross- 
vein is joined to Sc+K+M just before tin' origin of media, tin' cross 
vein and are slightly divergent, the free part of and the trans- 

verse part of AI .2 of the hind wings is pi*(vsent, and the first anal cell is 
petiolated at apex for a short distanc('. An intei*esting inoditieation 
is the loss of the posterioi* half of the radio-medial cross-vein in many 
species. 

This sul)family as known to me contains 011 I 3 " the genus Lophy^HiH 
(tig. 45). It is usually associated with the genus Mimoctenns (tig. 67), 
and placed near the Hylotomina' and its allies, but J believe that tlie 
most important modification that can be used in assigning a location 
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for a gronj) in linoal arraiigrimnit in the family Tenth rediiiicla? is the 
eondition of the anal veils, and jiid^ed hy this eriterion the Lophyriiue 
innst fall among the gen<*ralized Tenthredinidie. 

l^iHpInjihur, Th(‘ Kniphytiiiie have the area between eosta (tigs. 
4r)-4(S) and Se+H + M ivstrieted, though in some genei-a it is fairly 
broad with a distinct S(*j. in others it is narrow, and Sc^ is onlv repr(»- 
sented l)v a projection upon the front margin of Sc+ R+i\I. The medio- 
cubital cross-vein is attaclnHl in the angle l)etween radius and media, 
this cross-v(dn and M 3+4 are parallel. The radio-medial cross-vein is 
wanting in certain g(‘nera, as luiq^hytu.^ (tig. 4()) and P(vcJlosfo)ni(Ien^ 
so that the cells K and R. are combined. ^lanv wi'itei’s on the Ten- 
thredinoidea content themselves with the statement tliat there are 
three or four submarginal cells present, l)nt it is very apparent that 
this does not giv<‘ a hint as to what vein is wanting and therefore what 
cells have combined. The radial cross-vein is never wanting. The 
cells !^d Rj + Rg of the fore wings and Rj^^ of the hind wings are 
distinctly pointed at apex. The free part of M^ + Cui varies as to 
the place at which it joins the cell from near the middle of the cell 
to a point almost interstitial with the medio-cnbital cross-vein. In the 
hind wings the free |)art of R^ is fre([uently wanting, while in other 
genera both the free part of R^ and the transverse part of are 
wanting. There is considera])le variation in the amount of coalescence 
of the tirst anal cell of the hind wings. In Ac!dophor(( the second 
anal veiii separates from the tirst distinctly beyond the free paid of 
M^+Cuj in other geiK'ra, as Trlrathi ura^ the apex of the tirst anal is 
interstitial with ^1^+Cu^, while in Ertoeampa (fig. 47) the coales- 
cence is for a considerable distance befon^ The following 

genera would be referred to this subfamily as here constituted: 
Athalla^ Er/oC((ht ]>a^ Sfrompjlogit.di'oidea^ PtvrdoHtmn nha^ Pwdlo- 
stoiua^ Ilypotaxon Ileinita.ronnx^ E)nj>hytnx^ 

rux^ Tetmtui urn^ Acldoj>Jion(^ Pnraxtohla^ and PxendoxlohJa. 

SPandri — A group with only a limited number of genera, but 
faii‘ly ri(‘h in species. It is of especial interest, becansi^ it marks the 
tirst stage in the reduction of the anal ai‘ea, the fr<M' paid of the second 
anal vein b(‘ing wanting (tigs. 50-51). It is only recently that system- 
atists have considiu'ed the loss of the free part of this vein of even 
generic value, but th(». moditications of this area are of such great 
phvllogenetic importan(*e that tlnu'c is not the slightest reason for not 
considering the loss of this vein as of subfamily value. The loss of 
the free part of the second anal vein marks a high specialization within 
the generalized TenthriHlinidiV and should place this subfamily at the 
head of this series; but, as pointed out above, each of these subfami- 
lies is only the tip of a line of ascent, and as the other (diaracters of 
the wings ally it closely with the Kinphytimv its most natural location 
is after this group, where all previous systematists have placed it. 
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In the front wings tin' costal ai(‘a varies from a broad i)romincnt ^\Kivr 
to a narrow restricted anai, the latter lading the predominant condi- 
tion. The anterior end of the medio-cubitai cross-vein inav arise 
(dther from the angle between radius and media or from Se+K -|-M dis- 
tinctly befon‘ the origin of media. This sliows that in certain groups 
at least the location of this cross-vein at or before thc^ origin of imalia 
does not include forms belongingto the same line of ascent, but it does 
show the successive moditieations within this line of ascent. The other 
wing stnictures are practically tin* same as in the Emphytimv except 
that, so far as observed, the free part of and th(‘ transverse part of 
M._j ai*e never wanting in the hind wings. This subfamily includes 
the following genera: Xf rom/i/logai^ft^r^ Thrui(t,i\ Sf i‘o)nhorrroi<^ and 

Dolerh }^, — A subfamily (tig. 49) with a distinct habitus, closely 
I'elated to the Emphytina' and Selandriiine. Th<‘ costal ar(ai has beei\ 
greatly reduced, the free part of Sc^ is only a projection upon the 
front side of Sc+R + M. The costa is prominentlv thickened at apex. 
1'his, together with the thickening of 8 c+R+M, have undouldedly been 
important factors leading to the reduction of this area. Tlnmnedio- 
cubital cross-vein joiiis Sc + R + xM just before the origin of media. 
This cross-vein and th(‘ stem of are slightly divc'rgent behind. 

The most important characters for ditierentiating the group from the 
other subfamilies of tin' generalized Tenthredinidje is the atroplyv of 
the free part of IT,, so tliat the cells R- and R^ are combined. The 
free part of ^I^-irCui is situated near the middle of the cell The 

hind wings are of the usual form found in the gem'ralized Tenthre- 
dinida'. This subfamily contains two g’enera, J)ohrtis and Lothrn><. 

Pli — This subfamily is distinctive in tin' obli([U(' course 
of the medio-cubitai (*ross-vein (tig. 52-54), which is joined toSc + R+M 
distinctly before tlie origin of lin'd ia and by tin* direction of the stem 
of which is strongly divergent from tlie cross-vein behind. The 

costal area is narrow, the free part of Sc^ is represented by a mere 
projection on the front margin of Sc+R+M in (\dh‘o<t^ and is entirely 
wanting in PlnjUnioina. 

The costa is liroadly expanded at apex. The radial and radio- 
medial cross-veins an* so completely covered by fun-ows in certain 
species as to lx* apparently wanting. The free part of M^ + Cui is 
joined to the cell near its middle. The hind wings have undergone 
the greater reduction, tin* free part of R^ and the transvi'rse part of 
■M^ are generally wanting, though this latter vein is sometimes pres- 
ent. In the males there has been a peculiar t'hangi* in the direction 
of the veins, all of them running direct to the margin, the free part of 
R^ and M 3 and the transverse part of Mg are wanting, and in their 
place there has been developed secondarily a vein along the margin of 
the wing from the a]>ex ot* the cell R 4 +.g'to the apex of the first anal 
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cell vei’v imicli like the aiiihieiit vein of the Dipteni. This condition 
(‘{in he exphiinecl in {mother way l)v {issninino- that the free part of 11 ^, 
the ti‘{insverse part ot* AL, and th(‘ free pai*t of M 3 are all piesent, and 
simply have migi'ated to the Jiiaroin of the wing. Th(‘ difHculty in 
the w{iy of this explainition is tlnit the fj-ee ])art of is always want- 
ing in the feinahvs of these gener{i. In c(M*t{iin species of PliiiUotomn 
the free }){ut of the secojul aiml vein coincides with the second anal 
furrow {uul the apex of the free part has {iti’ophied. This subfamily 
cont{iins the gemu’a, CaUvoa^ PhijUotonuu and PriixunnjJoUPs, 

Tilt: SPECIALIZED TENTH HEDIXIDA^l 

A group containing the gicMiter ))ai‘t of the geuei’a {ind species of 
the family Tenthi*edinid{e. They {ire dilferentiiited from the gene- 
1 ‘alized Tenthrediniche through the loss of the constriction netir the 
middle of th(‘ s(‘co]id aii{il C(dl. T1 k‘ siil)famili(‘s hill into several well- 
marked liiucs of development. The Lyc{iotin{v (lig. 55), Tenthredijiinie 
(tigs. 5h-58), and Cimbicina^ (tigs. 51M)0) ai'e the only members of this 
series in which the free part of the second anal vein of the front wings is 
preserved. The iu{irke(l contraction of the thii'd ajial vein is repi’c- 
sented {is a slightly thickened emargination just liefore tlie fi‘(^e pai't of 
the s(‘Cond anal vein, this is found only in the Lyi/aotime (tig. 55) and 
Tenthredininiv. In the genera 2larroj}hif(( (hg. 57) and Tenth redo 
5b) the pi'csence or {ibsence of a tninsvcu'se vcdn between the second and 
third anal \ eins is not of generic valine The I lo])loc{iii]pin{e, Dinurinie, 
Cladiime, Monoctenime, Nematiniv, Blennoc{impin{e. Scolioneiirime, 
and Fennsiine h{ive the anal cells (bthe]* anastomosed at middle 01 * with 
the b{isal half of the thii’d anal vein {itro})hied. In the Hylotomiine, 
Schizocei'imv. {ind Perriwime the second {iinil cell Inis lieen l educed by 
th(^ progT'essive coalescence of the {iinistomosis to the base of the wing. 
In the Lobo(‘(n iine, Pteiygophorinie, {ind Pei'reyiine the amistomosis 
li{is proceedinl lioth ways, so that both the tirst and second anal cells 
!niv(‘ been rednccal. 

Lyeaothoe, -This subtamily contains the single genus Lijcnoin (tig. 
55). Its lociition with the Tiuithrcdininie and (dmbiciine is due to the 
form of the anal cells, >\ Inch ainistomose {it a single point at the usual 
place for the lociition of the free part ot* the second anal vein. The 
wings {ire bioad and theii' apices are lilunt. The medio-cubital cross- 
vein {irises from Sc-[-R+]\I, just befoi*e the origin of media. This 
ci‘oss-vein and M 3+4 are pa nil lei. In tlu‘ liind wings the free piirt of 
R^ is wanting :ind the tirst and second anal veins are coalesced for 
neaiby one-half the length of the vidns. This snlifamily is placed as 
t he most gmiei-alized memlxu* of the specialized Timtliredinidie because 
of th(‘ form of the {iiml veins of th(‘ front wings and the position of 
th(^ nnalio-cnbital cross-y<‘in. 
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Tentlindlnhii^, Tlir limits of this subfamily as o-iven here is the 
same as that usually assigned it by systematists with the exclusion of 
those genera in which the free part of the second anal vein ap])ears 
like an obliipie cross-vein. The Tenthrediniiue are generalized in the 
pi-esei-vation of the remnant of the contraction of the typical wing 
(tigs. 50-58), the fairly broad costal ai*(‘a, and in the parallel medio- 
ciibital cross-vein and The medio-cubital cross-vein is oblique, 

and is joined to Sc+U+M a considerable distance' l>efore the origin of 
media. The cells between and R,^ are bi*oad, the radial cro.ss-vein 
long and bowed. The' topography of the hind wings is of the ordinary 
type found in the Tenthredinida', except that the're has been a notable 
reduction of the anal area of the wiiig, so that the lobe behind the 
se'cond anal vein is almost e'ntirely wanting. In the front wings the 
nmditication of the' se'conel anal ve'in varies from a long vein in Tm- 
^'///vy/c (tig. 5(‘)) te) a broad e*ontraction in ParJiif]>rotaHis (tig. 58); in the 
hind wings the cell Rj+., extends to the apex of the' wing extending 
beyond as a short spur. xVlthough it is impossible' to put it inte) 
words, yet the general a])p('arance of the' wings of this subfamily is 
distiiu'tive and easily reH'Ognized and would never be e‘e)nfused with 
those of any other grou]). 

Like the prec'eding group, this one has the same limits 
as that given it by systematists. Its distinctive characters are the 
narreYw costal area (tigs. 51>-b0); the long, narrow-peYinted stigma; the' 
narrow-pointed are'a between the veins R^ and R.^, whie-h always ends a 
considerable distane-e before the apex of the wing, the vein R^ being 
always extended for a considerable distance ])cyond the apex of this 
area; the radial cross-vein is straight and slightly obli(|ue; the luedio- 
cubital (‘ross-vein usually joins Sc+R+^I more than its own length 
before the origin of media; the medial cross- vein is fretpiently oblique; 
the free pai-t of the second anal vein may be prt'sent or its location 
represented by a bi*oad anastomosis; the medio-culntal cross-vein and 
the stem of ^ 4+4 ai‘e divergent l)cfore; the tirst anal C('ll has been 
shortened at apex by tlie (*oalescence of the first anal and the combined 
second and third anals; the radio-medial cross- vein is wanting, so that 
the cells R aiul R^ are coalesced. The wing area of the hind wings 
has not been modified from the usual type and the vein topograpl^y 
is the same, except that the cell R^+g ends a considerable distance 
before the apex of the wing, the vein Rj being continued to near the 
apex of the wing. The apex of the free part of the second anal vein 
is transverse like a (*ross-vein, and there has been developed from 
the apex of the first anal cell on the hinder angle a long secondary 
spur to the wing margin. The costal area of hooks extends to or 
beyond the middle of the cell Ri+o. 

lIoplocam]>i)ne. — A small group, embracing two genera, Hoplo- 
ciunjHi (tig. 61) tind lle)n irjiroa (tig. 62). This and the following sub- 
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faiDily i'oj)restMits a series in which thi' niial veins have been imKlitied 
before th(‘ loss of lh(‘ radial ci’oss-vein. In this subfamily the costal 
area is broad with the free part of Se^ distinct. The area betweeti 
and R.^ is veiy broad, th(‘ radial cross- vein is lono-, sti'ai^*ht, and 
slightly obli((ue. The anai l)etwe(‘n the base of the stio-nia and the 
base of the radial sectoi- has b(‘en chitinized so that it app<‘ars as a 
part of the stioina. The medio-cubital cross-vein is joimal to R + M 
distinctly before the oi'igin of media, usually near the free part of Scj. 
The free part of M^+Ciy is joined to the cell near its middle. 
The anal cells are contracted foi’ a short distance in lloi)lor(Ut}j>a and 
for a considei^able distance in Ileutichroa, In the hind wings the anal 
lobe is larger, the venation is of the usual type. 

Dliu^urh^ce . — This subfamily as generally limited contains the genera 
Dlnenra (tig. bd) and ALemnenra (tig. r>T). To thesi' has been added 
the genus PsetuJodinenra (tig. 05), which is closely allied to them. 
Tlte Dineurime are ([uite similar in wing type to the preceding sub- 
family, the most notable ditt‘erenci‘ is in the loss of the base of the third 
anal vein, so that the cell imduded between 1st A + 2d A, and 8d A 
has coah‘seed with the third anal cell. There is a notable variation 
in the amount of thickening of the apex of the costa, the greatest 
thickening being found in the genus The free part of 

occupies a ditt'erimt jiosition in each of the genera; in 2lesonenra it is 
about its own length before the inedio-culiital cross-vein, in pHeudodi- 
neara it is almost interstitial with the eross-v(‘in, and in Dhu um it is 
about its own hmgth beyond it. The position of the free part of Scj 
is usually of but little value systematically, at least in certain groups. 
This is marked in rerdr<dis^ one of the Nematinay where this 

vein is not constant within a single species, ))ut may in ditlerent indi- 
viduals occupy all three of the positions deseri))ed for the genera of 
this subfamily. In Psendodhienra the apex of the free pai't of the 
second mial vidn is wanting. The hind wings are of the usual type. 

B(*ginning with this subfamily there is a seri(\s of 
three elosiO}" ridattal subfamilies in which the loss of the radial cross- 
vein has preceded the modifications of I he anal veins. The Monoc- 
teniiue contains a singh' genus, (fig. (o), which all sys- 

teinatists have agreed hitherto in associating with the genus LojdufrtiM 
(hg. 45), desci'ilxal above, ^lonorffn us is like Loj)hyrns\\\ lacking the 
radial cross-V(dn and in having the costal area broad, with a promiiamt 
free part of Scy. In Monocft nus the costa is slightly thi(‘kened at a])cx; 
the medio-(‘u])ital cross-vein is joiinnl in the angle between R and M; 
this cross-v(un and the stem of M.^+^ are divergent behind; the anal 
cells are broadly anastomosed at middle; the free part of iM^ + Ciy joins 
the cell near its middle and is strongly obli((ue; the cell Ri+o is 
bi*oad and point(‘d at apex, and the area l)etween the base of the stigma 
and the radial sectoi* is distinctly chitinized. In tlu‘ hind wings the 
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cell Rj+o is ])roii(l and open at apex; the radial sector reaches the win^^ 
margin at the actual win^* apex; the i'eiuaind(M* of the wing is of the 
usual type. 

f Th(‘, genera inclinh'd in this siil)fainily are generally 
placed with the next. th(‘ Xeinatina*. Th(‘ costa is somewhat thickened 
at a])ex (tig. l>r»); the nn'dio-cuhital cross-vein joins Sc+R + M just 
l)efor(‘ the origin of .M, this (‘i*oss-vein and the stimiof is strongly 

divergent behind. In the hind wings the c(dl is broad, pointed, 
not op('n at apex, and ends on the front mai’gin distinctly before the 
apex of the wing with the vein Rj extending beyond the apex of the 
cell spur-like. This subfamily iiicludes tlu‘ genera Prlo- 

Trir/i !< h‘<uh and (\niipnniscni<, 

—A large subfamily of several genera and numerous spe- 
c‘ies. The genera here inclnd(‘d ai*(' those' gt'in'rallv included in this 
subfamily, in which the base of the thii'd anal ^’ein has atrophied so 
that the cells 2d A and dd A ai e coalesced (tig. <)S). The costa is dis- 
tinctly thickened at aj)ex, the costal area is broad; the area between 
the' l)ase of tlie stigma and the base of the radial seedor is strongly 
ehitinized; the niedio-cubital ei‘oss-vein is joiin'd to Sc-)- R+M a consid- 
erable distance' bedore the origin e>f media; the base e>f the free ])art of 
the third anal vein is wanting; the free' ])art of lb, is wanting in Foonui ; 
and the radio-me'dial ei-oss-vein is freepie'ntly se) completely e*ovei*ed by 
the radial fm*ro\v as to be pai'tially or whe)lly wanting, ti ceindition 
espe'enally notice'able in the* genus Pvidlphooi . 

IdnuFm^. -iM the ge'nei*a known to me, there are two, Ftntim (tig. 
74) and KaPmsijxphi iuja (tig. 7b), which would fall inte> this subfamily 
as here limite'd. The gre>up is indicated i)y the nan*ow costal area; 
the thickened apex of the e*osta; the loss e>f all trae*e of Scj; the broad 
stigma; the* subtiansverse bases of the i*adial se*e*tor and e>f media; the 
sti*ongly bowed medio-eubital cross-vein, w hich is joined either in the 
angle l)etween R and ]\I, or just before the origin of media; the strong 
divergence of the medio-eubital cross- vein and th(' stem of The 

radio-medial cross-vein is wanting; in Kni the base of the 
thijxl anal vein is i‘('])resented by a dark band of coloring matter, which 
in Feiuisa is completely wanting. In tin' hind wings there is the 
ati'ophy of the free' part of R^ and the transvei'se part of M.,. The 
apical two-thirds of the second anal vein is wanting in Kaliosysjdu 
and the anal area of the wings is greatly reduced. The apex of the 
cell Rj+o is o])cn, the vein R^ reaching the wing mai‘gin at the actual 
apex of the wing. 

A small subfamily containing two genera, Fntodeda 
and Scolfoiu nm (tig. 75), whi(*h ai‘(' cloS(*ly relat(*d to the })reeeding 
subfamily. It ditVers from the Fenusina* in having the frc'c part of 
preserved as a })i“otuberanee upon the front margin of S(‘+R + M, and 
in having the (‘cll Rj+.^ of the hind wings closed some distance ))efore 
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tho apex of the win^\ therein Rj hein^^ eontinued s])iir-like bey<)iKl the 
apex of tlie cell. In ///v/ the radial cros.>-vein is interstitial 

with th<‘ free ])art of R.^, and the l)ase of the free part of the thii’d 
anal is preserved, thono-h its connection Avitl^ the other anal veins at 
th(' contraction is wanting. Tlie radio-medial cross-vein is present, 
althouo'li almost (Mitii'(‘ly covered hy the radial furrow. In 
th(‘ base of the third anal vein is represented in the win^- membraiK^ 
as a dark, sti’aiuht band. 

Bh)))UH'(Un])ho ^. — This and the two followin<jf subfamilies begin a 
series in whi(‘h the costal firea has been greatlv reduced, and the free 
part of 8(‘i is represented only by a spur (tig’s. i3h-7i^). The Blenno- 
(‘ampime is a larg’(* group ri(‘h in genera and specie's, in which system- 
atists have placed a number of genera ])earing no relation to the group 
at all, as here resti’icted. The costa is prominent and thickened at 
apex; the inedio-cubital cross-vein is joined to radius in the angle 
between radius and media and is usually pai’allel with very 

slightly divergent in IihacHnoarR'a ; the base of the thiid anal vein is 
partly ati‘o])hied, diti'ei’ent genera showing* tlie suc(‘essive stages in the 
atrotication of this v('in; the free part of M^-|-Cuj varies in position 
from near the middh' of the cell to a jiosition almost interstitial 
with the medio-cubital cross- vein. In the hind wings the free part of 
R^ and the transverse part of are wanting in certain genera; the 
first anal cell is of varying lengths, the first and second anal veins 
being coalesced from a point o])posite the free part of A[g to near the 
middle of the distance between the base of the wing and the free part 
of Mg; the cell Rj+g usually ends just before the apex of the wing, 
but in PrricHsta ends at the ai'liial a])ex, the cell being closed; in 
the males of certain s])eci('s the apex of the wing is margined by an 
ambient vein as in the males of (‘crtain Phyllotomime. 

Ilylotonuiici^ and (diJns . — This group (figs. TO-SO) includes thi*ee 
subfamilies, the llylotominie, Schizocerina', and Perreyime. As only 
a veiT limited amount of matei’ial of the last two subfamilies is at 
hand foi* study, it will be impossible to more than point out some of 
the more sali('nt charac'ters of fh(' group, and for this reason the 
grou])s ar(' giv('n the same limits in tin' table on another page that is 
generally assigned them bv systematists. It seems doubtful that these 
gi oups as now ai’ranged represent nafni’al divisions. The I lylotoinime 
and Schizocerime arc' dift'erentiated by the modc'rately broad costal 
area together with a well-marked Sc,, which is (‘ommon to the foiiner 
and wanting in tlie latter, while both conditions are found in the Per- 
reyina'. The (*hai‘a<‘ters above given would ]3lace the genera Iljfhdoma 
(fig. Tb) and Paidnjlofa (fig. 77) in the' same sulitamily. In both the 
(‘cll Ri +2 front wings is prominently appendiculate, but in the 

hind wings of PachyJota tins cell is open at the apex, the veins Rj and 
Rg extending parallel to the margin of the wing. This condition is also 
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found in tiio Sc*hiz(H‘('rina\ wlnn'c^ this c(dl is } 4 )|)(‘ndieiihito in L((hi- 
ihiVije (tio*. 78), and broadly open at ap(\\: in S(‘ol)hia and DirJiKrrux 
(tig*. Tt>); in fact, in S(‘ohi))a tins cell is not appcndiciilat(‘ in (dthcr wing*. 
If the results of onr studi(*s on the other groiH)s of this family he of 
any value, then th(^ variation in the characters just citi'd must indicate 
very diti'erent lines of ascent, and be of more' vahu' than for the mere 
ditterentiation of g(‘nei*a. The in(‘dio-cid)ital cross-vein is g*enei*ally 
joined to Sc+K + >^1 Jd or veiy neai* the origin of inc'dia. Although it 
is not true of all tla^ gcmei-a, V(‘t in c('rtain geiK'ra there sc'eins to be a 
marked tendency for the migration of the frtM' parts of and and 
the transverse pai’t of AR toward tlu' base', of the wing, thus greatly 
increasing the size of tlu^ apical cells, ddie s(H*.ond anal cell is wanting 
in the Pei’reyime. but ac(‘ording to descriptions of genera may be either 
present oi* absent in both the llylotomiine and Schizocerime. This 
character is not of any phylogentic value, sinc(‘, so far as it is con- 
cerned, these subfamilies are und(‘rgoing a })i*ogressive i*eduction of 
this cell. In the Hyloti^mime and Schizocc'rime the hind margin of 
the cell is a fairly straight M‘in. th(‘ free part of + joining it 
neai* its middle, and is either ])erpendicular to it or inclined tow ard the 
a])(‘x of the wing. In most l^u'reyime tin' hind margin of the cell 
is deeply curved, the fr(‘C })ai*t of is joined to it at or before 

the middle, and is always strongly inclined toward th(‘ l)ase of the 
wdng. This is tin' only venational charactei' thus far disco\ ei*ed that 
is of aijy value in separating tln^ Perreyime from the other two sub- 
families. In th(^ hind wings it is only with rai’c exception that either 
the free j)art of R^ or tin' transv(U*se part of are wanting in tln^ 
1 lylotomina" and Schizoc(‘rina\ and when (uther of tlnun are wanting 
it is always the latt(U*. In marked conti*ast to this is the almost entire 
absenceof the transv(u*se paid of M., in the Perreyime, the free pai*t of 
iieing always pi (\sent, so fai* as can be judgial fi*om liguresof wings. 
Here, just as in the fi*(.)nt wings, there is a marki'd tendency toward 
the migration of the fii'c j^art of R^ and the transverse ])art of M.^, 
when it is pr(‘sent, to^vard th(‘ base of the \ving. In many Tenthredi- 
nida' the transvers(‘ ])art of M., is eithei* intm'stitial, or nearly so, with 
the free part of R^, lait in this group it has migi’ated toward the base 
of the wing until it is mair, or sometimes (wum before, the fi-ee part 
()f There' is also in many d'enthredinida' a promiiumt angle oppo- 

site the anterior I'nd of the free' part of but in this gre)up this 
angle has lieen straightened e)ut and cubitus a])pears te> extend directly 
to the margin of the wing, ddie' I^erreyiine are fre'ejucntly separated 
from all the preceding subfamilies by the loss of the free part of the 
second anal vein. It has be'en pointed out above that this vein is also 
wanting in the Phyllotoiuime and Fenusime, and the' same condition 
is found in certain Schizoe-erime and llylotomina*. This is a character 
that has arisen several times in wideU^ separated groups, and does not 
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appear to ))e of any phyllot^enetic value. Although the Ilylotoiiiime, 
Schizocerina% and Perreyiine are soclosidy related in their wing* chai*- 
acters tliat tliei e is a g’reat dearth of [)roniinent ditferenccs for dividing 
them, yet the IVrreyime arc readil}^ separated from the other sub- 
families on antennal charaeters. 

rvV/ A>^>.sv y.s'. - The genei'a included under this heading are 
generally divided into three subfamili(^s, the Lobocerinay Pterygo- 
phorinay and IVrgime. Such a grouping combines forms that are not 
closely related and they have therefore been divided into the following 
subfamilies: The Incaliinay including th(' genera Invaluf and P<(rahjj>!a^ 
which are limited to South America; the Lobocei’ina^, including the 
genera Lohoceras (tig. 82), AulacoHieruH^ Sy 2 (ion!a^ and Corynophilas^ 
which are also limited to South America; the Acordulecerinay includ- 
ing the singh' genus Acordffhora (fig. 88), found in North and South 
America; the Pterygophorinje including the genera Plery<jo])hor}is 
(tig. 81), Pt< ryyophorhiHs^ L(y>hyrofoiH(f^ and Pltilowastix, which are 
limited to Australasia; and the Perginay including the genera Cerealcc^ 
and Perya (fig. 84), and its subdivisions, which are limited to Aus- 
tralasia. It has been impossible to ('xamiiu* specimens of all these 
groups, and the writer has had to depend in many cases on figuies, 
so that the characters given in the table on a latei* page may not be of 
any more value than to indicate the regions which arc iindei’going 
modifications. These subfamilies are set off from all the other Ten- 
thredinidic by the reduction of both anal cells of the front wings. The 
wings are long and slendei*, and the anal area of the hind wings is 
generally greatly reduced. In the front wings the costal area is broad, 
and the free part of Scj is preserved in the Lobocerime, but in the 
other subfamilies the costal area is hardly more than a line, and the 
free part of 8ci is wanting. The radial cross-vein is wanting. The 
cell R,+jj is appendiculate in the Incaliinje, Lobocerime, Pteiygophor- 
inay and Perginay ending at or before the middle of the cell K3, the 
vein Rj being continued to the apex of the wing. 

In the Acordulecerime this cell is not appendiculate, and ends 
distinctly be3a)nd the middle of the cell R3. The medio-cubital cross- 
vein joins Sc+R+^1 at or verv near the origin of M. In the Pterv- 
gophoriiue the free part of R5 is wanting, in Acordidecera and certain 
species of Pergime the radio-medial cross- vein is also wanting. The 
free part of ]Vl^ + Ciy joins the cell just before the middle in the 
Lobocerime and Pterygophorinay and insterstitial with the medio- 
cubital cross-v(‘in in the Perginay In the hind wings the cell Rj+g is 
appendi(*ulat(^ in the Pergina^ and Lol>ocerinay while in the Acoi*dule- 
cerina' and Pt(‘rygophorime it extends as a long, pointed cell to the 
apex of th(‘ wing. The frei' j)art of R^ is always present, and the 
transverse ])art of i\I., alwa^^s wanting. As in tlu‘ llvlotomina and its 
allies, the base of cubitus ap]:>arentlv forms a continuous vein to the 
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wing margin i)y coming into line with the medial cross-vein, and 
the longitudinal part of M.,. The medio-euhital cross-vein is longi- 
tudinal in the Incaliina\ Loboceriiue, and Pergime, and transverse in 
the Aeordulecerime and Ptervgophoriiuv. The free part of is 
longitudinal in the Ptervgophorime and only about one-third the 
length of the free part of while in the Lobocerim\? and Pergime 
the free part of is transverse and two or thi-ee times as long as the 
free part of Mg. This is dm* to the migration of the basal end of the 
medial cross-vein along the free part of ^Ig. The free part of the 
second anal vein is wanting throughout the group, due to the great 
reduction of the anal lobe of the wing, while the second anal furrow 
and the axillaiy incision ai-e near the Hrst anal vein. The loss of the 
second anal is the consummation of a variation that has appeared 
sporadically in other subfamilies. 

THE CELL Kg (iKOEP. 

It has been pointed out in the case of the generalized Tenthredin- 
oidea that the radial cross-vein always ends in the cell Rg. In the 
families Xiphydriida* (tig. vS5). Siricida* (ngs. 86-91), ]\Iegalodontida 
(tig. 9i2), and Cephida* (tigs. 93-96) this cross-vein, with rare excep- 
tions, also ends in the cell Rg. In the family Oryssida* (tig. 97) this 
cross-vein is apparently wanting, but, as was shown above, the cross- 
vein is present and is represented by the transverse vein at the base 
of Rg. The only moditication in the course of the cross-vein is that 
its posterior end has migrated toward the apex of the wing, so that it 
is always oblique to Rg+^ instead of being perpendicular. 

The interrelation of the radio-medial cross-vein, the base of the 
radial sector, and the base of the media is a prominent charaeteristic 
of this group of families. In the Xiphydriida," there is only a slight 
departure from the arrangement of parts existing in the typical wing, 
the base of the radial sector and the base of media being parallel, and 
the cross-vein perpendicular to them. In the other families, however, 
the posterior end of the cross- vein has swung ai-ound at such an angle 
as to form an apparently continuous vein with a part of the radial 
sector, while the l)asal part of the sector extends transverselv between 
the cross-vein and the stigma like a cross-vein. As a result of this 
change in the direction of the veins, the cells R, 1st R^. and 2d Rj+R 2 
are arranged in a row. 

The position of the medio-cubital cross-vein in those families in 
which the posterior end of the radial cross-vein ends in the cell Rg is 
also of especial interest. In the Xiphydriidie this cross-vein occupies 
practically the same position that it does in the typical wing. The 
Oryssidic show a stage slightly more advanced than that of the Xiphj^- 
driida*. The cross-vein is longer than the transverse part of media, 
which has been brought about by a combined migration of the anterior 
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end of the cross-vein alon^ media, and by a further coalescence of 
media with i-adius until it is almost opposite the anterior end of the 
(Toss-iein. A similar condition is found in certain Cephiday the 
cross-vein beino- about three times as lono- as the transverse paid of 
media. In this familv the moditication has been a mioration of the 
anterior end of the cross- vein along* media until in certain species, as 
(tig. 9d) it arises in the angle between Sc+R+M and 
media. In the Siricidic and Megalodontida? the moditication has been 
in an entirely different direction. The cross-vein and the transverse 
part of media in tliese families are subecpial in length, while the origin 
of media is either opposite or beyond the anterior end of the cross- 
vein and never before it, as it is in all the forms previously described. 
The manner in which this arrangement of parts has arisen can be best 
understood if a stud}" lie made first of the condition found in the 
Xiphydriida^ (tig. 85). In this family the cross-vein and the trans- 
verse part of media are sube<puil in length, just as in the families 
named above. The cross- vein is distinctly bowed on the side toward 
the base of the wing. This bow in the cross-vein has been preserved 
in practically all the Siricida (tigs. 80-91). Now. if the cross-vein 
maintain this same form and position, and the point of separation of 
media from radius be gradually changed, moving toward tlie apex of 
the wing by the coalescence of media more and more with the radius 
until it is opposite or beyond the anterior end of the cross vein, 
exactly the same condition will be had as is found in the Siricida\ The 
Megalodontidie (tig. 9i^) differ only in that the coalescence has pro- 
ceeded farther, the transverse part of media being distinctly inclined 
toward the base of the wing, and the cross- vein is straight instead of 
being bowed. 

The only other possible solution of the arrangement of veins in the 
the stigmatal area of the Siricida? would be that starting with a wing 
like that of Cephus pygirt^us.^ the base of media had migrated along 
the cross-vein until near its middle, and that at some later time the 
anterior end of the combined cross-vein and media had migrated along 
radius toward the apex of the wing. This would give exactly the 
same result that has been explained above in another way. That this 
latter explanation can not be the correct one is proven by the relation 
of these veins in the Xyeliday Lydida^, Cephidiv, and the Tenth red i- 
nida\ It has been shown that in the first three of these families the 
tendency is for the progressive coalescence of media with radius, and 
coordinated with this a progressive migration of the medio-cubital 
cross-vein from a position near the a])ex of the cell R to the point of 
separation of media from radius. That the tendency is not for media 
to migrate along the cross-vein when the cross-vein reaches the angle 
between radius and media, as has been shown in the Tenthredinidje, 
but instead that the cross-vein continues its migration toward the base 
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of the wing along Sc+K+M. This is conclusively shown in Tvichio- 
soma (iig. 59), where the cross-vein has migrated more than its own 
length away from the origin of media. That this latter solution is 
untenable is further proven by the position of the posterior end of the 
radio-medial cross-vein, which in both the Siricidie and Megalodontidiv 
is so near the posterior end of the transverse part of media as to pre- 
clude such a migration. 

It has been shown that the preservation of the radial cross-vein as 
the base of R 3 , as in the Oryssidie, is the same condition existing in all 
the higher ilymenoptera. It is of especial interest that the form of 
the medio-cubital cross-vein and the base of media is also the same 
arrangement of parts found in the other Hymenoptera. Both of 
these conditions go to show that the other superfamilies of the Ilyme- 
noptera were derived from a progenitor closely allied to the families 
Siricidje, Megalodontidie, and Oryssidie. 

X!}>hydri!(lci\ — This family contains four genera and about twenty- 
tive species, which are distril)uted over Noith and South America, 
Europe, and Asia. Their wing type (tig. 85) is the most generalized 
found in the specialized Tenthredinoidea. The front wings are long 
and narrow; the costal area is broad and distinct; the five part of Sc^ 
is represented by a prominent transverse vein situated near the origin 
of media, which is a direct moditication and migration of the condition 
found in Xyela (tig. 35) and M(nw,vyeJ<t (tig. 34); the anterior end 
of the radial cross-vein is situated near the apex of the stigma and its 
posterior end near the apex of the cell or interstitial with the free part 
of the vein R 5 and is either perpendicular or slightly oblicpie; this cross 
vein is wanting in the genus Derecyrta, The radial sector arises at 
the base of the stigma and continues along R 3 in a regular curve. The 
base of the sector is subtransverse; it does not make as abrupt a bend 
as in the generalized Tenthredinoidea, while, on the other hand, it is 
not so gradual a curve as in the more specialized forms. The radio- 
medial cross-vein is somewhat oblique and distant from the origin of 
media, and is wanting in the genus Konovda. Media separates from 
radius but little nearer the stigma than in the Lvdida\ while the 
portion before the medio-cubital cross-vein is oblique, just as in M(tcro- 
,ryela (tig. 33), though l)oth this part of media and the cross-vein are 
longer than in that genus, resulting in a much wider cell M; the free 
part of M^+Ciq is near the posterior end of the radio-medial cross- 
vein, almost interstitial with it. In the hind wings the origin of media 
is distant from the origin of the radial sector, and the tirst anal cell 
is of a type similar to that found in the Lydida^ (hgs. 3G-43) except in 
KonouGa, where it is open at the apex. 

The migration of the apex of Rj in the front wings away from the 
margin of the wing in Xiphydria camelus^ as already described, 
has developed into a distinct appendiculate cell in Derecyrta and 
Brachyxiph 
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The venation of the wing’s of this family is like the typical wing in 
the origin of media, the location of the medio-cnbital cross-vein, and 
the type of anal cells. 

The Xiphydriida" has generall}^ been considered systematists as 
a subfamily of the family Siricida. That it represents a distinct line 
of development is shown b}" the condition of the area between costa 
and Sc+K + ^M. which is broad, and the wing membrane not any thicker 
than that of any other part of the wing, while the remnant of sub- 
costa retained is a moditication of the type found in XijeJa^ the type 
found in the Siricida, as will be shown later, is a modification of the 
type found in Neurotoma, That the Xiphydi’iida represent a distinct 
line is further shown b}^ the origin of the base of media, by the posi- 
tion of the radio-medial cross-vein, and b}^ the origin of the base of 
media in the hind wings, which is in reality quite a specialized condi- 
tion. All these characters go to show that the wings of this family 
are more nearl}^ like those of the generalized Tenthredinoidea than 
those of the specialized Tenthredinoidea. 

Siricid ^. — This family contains live genera, all of which are limited 
to the noi’thern hemisphere. The Siricida^ are large, active, flying 
insects, and as a result their wings are long and narrow. The wings 
are like the typical Aving(figs. 8(3-Ul)only in having homologous veins. 
The stigma is narrow, pointed, and eight to ten times as long as broad. 
The area between costa and Sc+R-TM is narrow and almost as strongly 
chitinized as the veins themselves. The suppression of the subcosta, 
which is represented in some species as a pale, indistinct line, is 
undoubtedly due to the chitinization of the membrane of this area. 
In Tremenc cohnnha (fig. 91) the chitinization has proceeded .so far that 
there is a large trachea unprotected by a vein ramifying through this 
area. The peculiar arrangement of the veins forming the apex of the 
cell M has already been discussed and need not be considered here. 
The posterior end of the radio-medial cross-vein joins the cell on 
its basal third; in Tre'inex fiiscit\>rn(s it ends in the angle between the 
transverse and longitudinal parts of media, while in Sired^ caltfornicns 
(fig. 87) it ends on the posterior third of the transverse part of media. 
Correlated with the migration of the posterior end of this cross-vein 
there is a corresponding migration of its anterior end along the radial 
sector until, in Tmned\fa8c!corn it arises almost at the origin of the 
sector, so that the cell R is hardly more than a broad lijie. In Tnnu.e 
the radial cross-vein is situated near the apex of the cell R^+R^, 
the free part of the vein R^ is wanting. On the apex of the front 
wings of all the species of the family there has been developed a large 
appendicnlate cell, with the apex of Rj as a prominent vein extending 
toward the actual apex of the wing. An especially interesting feature 
of the wings of the Siricidiv is the preservation of the fi’ee part of Cug 
in the ^’enus Paurtirus (fig. 86) and a portion of it in different species 
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of Sirex, This vein is found besides in the Sirieidie only in certain 
species of the family Lydidje. It is noteworthy that it is situated 
nearer the inedio-cnbital eross-vTiii than in the L^^didie, and that the 
prominent bow in the base of cubitus, so characteristic of the Lydida\ 
is wanting* in the Siricidiw The first and second anal cells approxi- 
mate the type found in the typical wing, but the emargination near 
the base of the third anal vein, instead of being an abrupt one, as in 
the typical wing, is a long, continuous curve. There has also been a 
progressive migration of the free part of the second anal toward the 
apex of the witig until in and S ! rejuxil!f<)r)iicu^^ it is situated 

midway between and the medio-cubital cross-vein. In Xer!^ (tig. 
SO) it is just beyond the cross-vein, while in Treineu^ it is before. In 
the hind wings there is in certain species a well-marked appendiculate 
cell, but in Treuuw and Pitiirurn.^ the transverse part of Rj has been 
obliterated, leaving the cell Rj+g open at apex. This family is so spe- 
cialized in most of its structures that it is of interest to find at least 
one of its characters very generalized. This is the point of origin of 
media, which is more primitive than the same region in the Xyelidie 
(tigs. 31-35). There is a progressive migration from a position dis- 
tinctly before the raditd sector in Stre.r xiJ if(}rnicHS^ from the origin 
of the radial sector in and finally from the radial sector dis- 

tinctly beyond its origin in Treme,i.\ We find a confirmation of the 
generalized condition of this character in its great variability, which 
is not constant even in the same species. The first anal cell in Paxi- 
7 ^nrns and S! re,v califinmicw^ of the t\"pe described for the Lydkbe 
and Xiphydriiday but in Tremfxr and Xeris the free part of the second 
anal vein is entirely wanting. The explanation of the obliteration of 
this vein is found in the following species: In Sire,t^ (dh)rnr))ix the 
basal two-thirds and the small transverse part is preserved; in 
fl<ndcornis only the l)asal two-thirds is preserved, while in Acr/x only 
a part of the small transverse part remains. It should be noted that 
in the three species just named the longitudinal part of this vein coin- 
cides with the second anal furrow, along which this part of the wing 
is folded, while in ]^((ururin:it^ where the entire free part of the second 
anal vein is preserved, that the free part of this vein is distinctly before 
the furrow. There is only one solution possible for the loss of this 
vein, and that is that it is due to the presence and location of this fur- 
row, which has migrated forward in certain species hand in hand with 
the reduction of the anal area of the wing. That there is a marked 
migration of this furrow and reduction of the anal area will be readily 
seen by an examination of the wings of the ditierent species of Trcme,t\ 

The genus Teredo)F^ (tig. bO) possesses a number of interesting fea- 

^The figure of Teredon laiitann.^ was enlarged from aphofiunicrograph of the wings 
of the type in the Collection of the American Entomological Society made and loaned 
the writer by Mr. J. Chester Bradley. 
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tures. The radial cross-vein is intermediate in its location between 
Sirex and Tremex^ being almost interstitial with the free part of Kg, 
which is fully preserved; the transverse part of the base of media 
has begun to disappear and the radio-medial cross-vein to function for 
it; the apices of the veins forming the appendiculate cell of the 
front wing have faded out, so that there is found exactly the same 
condition in both wings that exists in Tremex ; the free part of the 
second anal vein is preserved and the anal area of the wing is large. 
All these characters ally this genus more closely with a form like 8irtx 
alhicornifi than with Tremex^ near which it has been placed. 

The SiricidiB are a well-circumscribed group, defined by the condi- 
tion of the area between costa and Sc+K+M, by the relation of media 
and the medio-cubital cross- vein, l)y the position of the radio-medial 
cross-vein, and by the prominent appendiculate cell at the apex of the 
front wing. 

Megalodontlda ^, — This family (tig. 92) contains four genera and 
about twenty-five species, and is peculiar to Europe, Asia, and north- 
ern Africa. It represents a line of specialization very similar to that 
found in the Siricidic. This is shown by the condition of the base of 
media and the medio-cubital cross-vein. The cells K, 1st Rj, and 2d 
are arranged in a row. The base of the radial sector is trans- 
verse, as in the Lydida% but that portion of the sector between the 
anterior end of the radio-medial cross-vein and tlie posterior end of 
the radial cross-vein is not so strong!}" curved, so that the cell 1st R^ is 
almost a parallelogram. The ]\legalodontida differ from the Siricidie 
in that the cells R and 1st Rj are subequal in size, the cell is propor- 
tionately much smaller, the cell 2d Rj-I-R.^ is of about the same length, 
but is much broader, while the apex of the cell is like that of the Xye- 
lida^ and Lydida% and is not appendiculate. The anal cells are like those 
of the typical wing. The area between costa and Sc+R+M is broad, 
and all trace of the subcosta is wanting. The vein forming the apex of 
the cell is a straight one; each of the components of this vein is not 
separately bowed on the basal side with an emargination between them, 
as is so characteristic of this vein in the Siricida\ while it is more 
strongly inclined than in this latter family. The hind wings are just 
like those of the Lydidiv, except that the siibcosta is wanting. The 
generalized condition of the apex of the cell Rj+g^ obli(iuely truncated 
and not pointed, is notable. 

The forms considered here as constituting the family ]\legalodontida3 
are invariably classiffed by systematists as a subfamily of the Lydida\ 
That they do not liave any affinities with this family is shown by the 
difference in the position of the medio-cubital cross-vein, by the dif- 
ference in the position of the cells R and 1st Rj, by the entire loss of 
the sul)Costa in both wings, by the loss of the free part of Cug, by the 
straightening of the cubital vein, so that the curve so characteristic of 
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this vein in the Lydiche is wanting, by the laek of eoaleseenee between 
cubitus and Se+K+M, which extends for almost one-half the leng'tli 
of the vein Se+H + ^1 in the Lydida\ and by the ditlerenee in the 
shape of the cell The facts just given show conclusively that the 

Megalodontida? are more closel}^ allied to the Siricidic than to any 
other family, while there are an abundance of characters for retaining 
them as a distinct family. 

Cej>hi(he . — A famih^ of about a dozen genera and moderately numer- 
ous in species of intercontinental distribution. It is not closelv related 
to any of the families deseribed hitherto. The front wings (tigs. 96- 
9()) are long and narrow, the hind wings have been remarkably reduced 
in the anal region, and the insects are very rapid fliers. The area 
between costa and Sc+R+M has been eliminated in both wings. 
Media separates from radius distant from the stigma, in about the same 
region as in th(‘ Xvelida\ The cell K is long, subequal in length to 
the cell R^, and is in line with the cells 1 st Rj and 2 d Rj + Ro, as in the 
Siricida^ and ]\Icgalodontida% but ditiers from these families in that 
the apex of the cell R is almost opposite the apex of the cell 1 st R^. 
The radio-medial ci'oss-vein is transverse. The portion of the radial 
sector between this cross-vein and the stigma is longitudinal, while 
the portion of the sector between the radio-medial cross-vein and the 
radial cross-vein is subtransverse, and might readily be mistaken for 
a part ot* the radio-medial cross-vein if it were not for the angle at its 
anterior end. The radial cross-vein is ol)li(jue and appears to be the 
base of R,^. The cell 2 d Rj + R^ is very long, as in the Siricidjv, but is 
pointed at tip. The anterior end of the medio-cubital cross-vein is 
joiimd to media in certain species distinctly beyond its origiiq while in 
others it arises from the angle between R and M. The cell M^ is as long 
as or longer than the cell R. The cubitus coalesces with Sc+R+M 
for only a very short distance at base. The cells 1st A and 2d A are sub- 
equal in Avidth, and the free part of the second anal vein is situated just 
beyond the middle of cubitus and is perpendicular to the first and third 
anal veins, while the contraction of the third anal vein is wanting. 
The hind wings are just as distinctive as the front Avings. With the 
exception of the subcostal area, costa being coalesced Avith R+M, the 
number of veins is the same as in the Xiphydriida*. The most dis- 
tincti\^e character is in the arrangement of the cells. Beginning at 
the base of the Aving (tig. 95) the cells 1st A, Mg+Cu+Ciq, i\I, + lst 
M.^, R+R. + R^, and R 3 are arranged in an oblique row from the base 
to the apex of the Aving. 

Practically all svstematists are agreed in considering the Cephida? 
as a distinct group worthy of family rank. So far as the Avings are 
concerned, they are the most distinctive of any group of the Tenthre- 
di noidea, and are only indirectly related to au}^ of the other families. 
The}^ are generalized, so far as the origin of media is concerned, but 
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ure very specialized in the region of the radial and radio-medial cross- 
veins and in the ai'rangeinent of the cells of the hind wings in an 
oblique row. 

tV/v/N.svV/c'e. —A small family consisting of four genera and a veiy 
limited number of species found in all parts of the world. The family 
is known to the writei* oidy in the genera Onjss}(,s (tig. 1^7), Ophryiio- 
and the notes given here refer only to these genera. It has been 
found that as a rule the figures of wings given l)y writers who have 
not made an especial study of wing venation can not be depended upon, 
})ut, judging from such figures of species not accessible to the writer, 
they would seem to indicate more generalized conditions than those 
existing in The costal area is narrow; the costa is a delicate 

vein (luite strongly thickened at base; Sc+R+il is a strong vein which 
functions for the costa, and at the origin of media it bends abruptly 
toward the stigma; eul)itus and Sc + R+Al are coalesced for a short dis* 
tance at the base of the wing ; the veins beyond and behind the stigma 
ai-(^ nothing more than dark bands of color; the transverse part of 
media is almost entirely wanting; the radio-medial cross-vein, the base 
of the radial sector, the free part of R-, and the transverse paid of 
are entirel^^ wanting. The weakening of these veins is undoubtedly 
due to the thickening of the wing membrane. The second anal cell 
has been reduced, proV)ably by the coalescence of the third anal with 
the combined first and sec'ond anal. The base of R^ is joined to the 
stigma l)y means of the radial cross- vein, as was fully deseril)ed in the 
preceding pages. In the liind wings the costa is entirel\" wanting, 
R + M is thickened and takes the place of costa; the cubitus and the 
remainder of the veins are only lines of color; the second anal is 
entirely wanting; the third anal is preserved as a very delicate line. 

So far as their wings are concerned the presence of the second anal 
cell in the front wings is the only structure that would place the 
genus in the superfamily Tenthredinoidea. In their form 

and topograph}^ they are much more like the higher Ilymenoptera 
than the other Tenthredinoidea. It stands at the summit of special- 
ization, so far as this group is concerned, as an extreme isolated line 
of development. 

VII.— SUMMARY. 

In the course of the study ])resented in the preceding pages the fol- 
lowing topics have been discussed: 

1. An historical consideration of those investigations that have had 
to do with the development of a uniform nomenclature for the wing 
veins of all oi’ders. 

2. It has been shown how the complex hymenopterous wing lias 
been developed from a wing of the simplest type. 

How the apex of vein R, has been gradually pulled away from 
the wing margin to form an appendiculate cell. 
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4. The progressive coalescence ot* the base of media and radius 
toward the middle of the wino-and, coordinated with this, the proo-res- 
sive migration of the medio-cubital cross-vem towai’d the point of 
separation of radius and media to form a transverse support for the 
stigma. 

5. How all the types of anal cells found in the snperfamily Ten- 
thredinoidea have been developed from the form of this area found 
in the generalized families. 

0. The veins of the hind wing have been homologized with those of 
the front wing and all the marked modilications occurring in the 
s u } )e r f a m i 1 y d i sc u ss e d . 

7. An attempt has been made to show that all the moditications in 
wing topographv are directly dependent on the etticiency of the wing 
as an organ of flight, and that this efliciency is due to the arrangement 
of the veins in such a manner as to stifl’eii the areas of the wing sub- 
ject to the gn‘atest stress. 

S. dlie \xuiational distinction of the Tenthredinoidea from tlu‘ otlnu* 
supei'familics of the llyinenoptera has beei^ pointed oir. 

The distinctive characters of the families of the Tenthredinoidea 
have been considered in detail and their phylogenetic importam*e 
indicated. 

to. The loss of the base of the radial seetoi’ and its bearing on the 
homology of the veins of the wings of the higher Hymenoptera has 
been discussed. 

ll. A classification of the superfamily Teiithrcdinoidea is given. 
The secpience of the families and su))families, whether generalized or 
specialized, has been determined by a genealogical study of the differ- 
. ent structural moditications of the wings. 

lib Analytical tables are given for separating the families of the 
superfamily Tenthredinoidea and of the subfamilies of the family 
Tenthredinidie. These tables are based on venational characters alone, 
and are examples of the value of such studies as the one given in tlie 
preceding pages. 

13. Front and hind wings of all the generalized genera and exam})le> 
selected from the numerous other groups are flgured and their wing 
veins homologized. 

14. All previous classifications have been based on recognition 
cliaracters and are therefore likely to be artiticial. Great use ha> 
})(^en made of the form of the anteniiiv" and claws, moditications that 
have arisen independently several times. The foregoing investigation 
is only a beginning of what needs to be done. Phvlogenetit* studies 
should be made of all those structural parts that will indicate anything 
as to the complete genealogy of the group. Two such regions are 
the mouth parts and the structure of the thorax. 
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TABLE FOR SEPARATING THE FAMILIES OF THE TENTHREDINOIDEA. 

n. Front ^Yingf? with the free part of vein R.^ j)rej^ent XA'ELID^E 

aa. Front wingn with the free ])art of vein II2 always wanting. 

h. Front wings with the base of siibcosta present as a distinct vein LYDID^E 

hb. Front wings with the l)ase of subcosta wanting, if present, only as a pale indis- 
tinct line; the subcosta is represented only by the free part of the vein Scj, 
which is like a cross-vein near the apex of the costal area, and even this is 
sometimes wanting. 

0. Front wings with the radial cross-vein ending in the cell R4, very rarely in 
the cell R3; the medio-cubital cross-vein joined to the vein Sc+RA^l or to 
the vein M; if joined to the vein tlie transverse j»art of the vein not 
more than one-sixth the length of the cross-vein. 

(L Front wings with the medio-cubital cross-vein joining media distinctly 
Ijeyond the }>oint of sej)aration of radius and media; the cell 1st R1+R2 
l>lunt at apex; the veins surrounding the front margin of the cell in 

the form of a semicircle BLx\STlCOTO^I I D.E 

d(L Front wings with the medio-cubital cross-vein either joined to the vein 
Sc-j-R+lM or to the vein M in the angle l)etween radius and media; the 
cell 1st R, + R2 always pointed at ai>ex; the veins surrounding the front 
margin of the cell never semicircular but always with prominent 

angles before TENTHREDINIILE 

ee. Front wings with the radial cross-vein ending in the cell R5, rarely in the cell 
R4; and, if so, with the medi^»-cubital cross-vein joining media distinctly 
beyond the radius and subequal in length to the transverse part of media. 
d. Front wings with the transverse part of the vein ]\I2 present. 

Front wings with the medio-cubital cross-vein subequal in length with 
the transverse part of media; the portion of the radial sector between 
the stigma and the anterior end of the radio-me<lial cross-vein always 
distinctly less than the portion between this cross-vein and the posterior 
end of the radial cross-vein, or when the radial cross-vein is wanting, less 
than the jujrtion between the radio-medial cross-vein and the anterior 
end (d' the free part of the vein R5, resulting in the apex of the cell R 
extending but little beyond the l>ase of the cell 1st Rj, or if the radio- 
me<lial cross-vein be wanting, the cell H-^Rs extending but little 
beyond the apex of the cell 1st Rj. 

/. Front wings with the free part of the vein Scj present and situated near 
the point of the se])aration of ra<lins and media; the base of media 
extending longitudinally and se]>arating from radius distinctly before 
the anterior end of the medio-cubital cross-vein; the radio-medial 
cross-vein, when present, transverse and not appearing as the base of 

the radial sector XIPHYDRIID.E 

ff. Front wings with the free part of the vein Scj wanting; the base of 
media exten<ling transversely and separating from radius either o}>po- 
site or beyond the anterior end of the medio-cubital cross- vein; the 
radio-medial cross- vein oblique and appearing as the base of the 
radial sector. 

g. Front wings with the area between costa and the vein Sc-fR-pM 
liardly more than a line; the cell 2d Rj- Rg of both wings either 
aj)pendiculate or extending to the apex of the wing; the free ]>art 
the vein IM^^Cui joined to the cell 1st A near its base, never 
more than twice the length of the free j)art of the second anal 
vein from its base SIRIC 1 D..E 
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gij. Front wings with the area l)etween costa ami the vein 8c K4 
broad and distinct; the cell 2d Rj + Ra of the front wings and cell 
Ri+ 2 of the hind wings never appendicnlate, never reaching the aj)ex 
of the wing, and bluntly rounded at apex; the free part of the vein 
M4-I- CU1 joined to the cell 1st A near its a}>ex, over three times the 
length of the free part of the vein 2d A from its base. 

MPIGALODOXTII)^ 

ee. Front wings with the inedio-cnbital cross-vein joined to media at or near 
its point of separation from radius, never less than three and usually 
four or five times the length of the transverse part of media; the portion 
of the radial sector l^etween the stigma and the anterior end of the 
radio-medial cross-vein subequal to or greater, usually greater, than the 
portion between this cross-vein and the posterior end of the radial cross- 
vein, resulting in the apex of the cell R extending to near the apex of 

cell 1st ib.... cephiirf: 

iUL Front wings with the transverse part of the vein wanting. .(>RY8SI IRE 

TABLE FOR SEPARATING THE SUBFA:MILIE8 OF THE TENTHREDINI D.E. 

a. Front wings always with the first and fre<jiiently with both first and second anal 
cells })resent. 

h. Front wings with the second anal cell contracted at middle, 
c. Front wings with the free i>art of the second anal vein }>resent. 
il. Radial cross- vein present. 

€. Front wings with the free part of the vein R.^ present ami the cells R5 
and R4 therefore separate. 

/. Front wings with the medio-cnbital cross-vein and the vein ^13+4 

parallel Emphytix.e 

ff. Front wings with the medio-cnbital cross-vein and the vein M3+4 

strongly divergent l)ehiml Piiyllotomix.e 

€€. Front wings with the free part of the vein R5 wanting, so that the cells 

R5 and R4 are united Dolerin.e 

(hi. Radial cross-vein wanting Lopiiyrin.e 

cr. Front wings with the free part of the second anal vein wanting. .Selandkiin>e 
hh. Front wings with the second anal cell not contracted at middle, 
c. Radial cross-vein j>resent. 

(1. Front wings with the medio-cnbital cross-vein joined to the vein 8c-bR+M 
at or near the origin of media, its distance from media always less than 
one-half the length of the cross-vein. 

e. Front wings with the medio-cnbital cross-vein and the vein M3+4 }»arallel. 
/. Front wings with the base of the third anal vein present and the 
second anal cell therefore not combined with the third . . .Lvcaotix.e 
ff. Front wings with the base of the third anal vein atroi)liied or at least 
in part so that the second and third anal cells are combined. 

Blexxocam pi x.e 

(?. Front wings with the medio-cubital cross-vein ami the vein i\l3-f4 strongly 
divergent behind. 

f. Hind wings with the vein R3 reaching the margin distinctly before the 
apex of the wing; the cell R1+2 pointe<l at apex and closed. 

Scolioxeprix.e 

ff. Hind wings with the vein R3 reaching the margin at or beyond tlie 
apex of the wing; the cell Ri+s round at apex and open ...Fexusix.e 
dd. Front wings with the medio-cubital cross- vein joined to the veinSc-bR+M 
distant from the origin of media; its distance from media always one-half 
or more of the length of the cross-vein. 
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e. Front win^s with the base of the tliinl anal vein present and the second 
anal cell therefore not combined with the third. 

f. Front wings with the niedio-cubital cross-vein and the vein ^h+i par- 
allel, or at least not divergent behind. 

g. Front wings with the niedio-cnbital cross-vein and the vein 
parallel; media separating from radius at the base of the cell 
the radio-medial cross- vein rarely, if ever, wanting; hind wings with 

the cell Ki+2 extending to the apex of the wing Tenthredixix.k 

gg. Front wings M’ith the medio-cnl)ital cross- vein and the vein Ms-ri 
strongly divergent before; media separating from radius at or near 
the middle of the cell .AI^; the radio-medial cross-vein always want- 
ing; hind wings with the cell K1+2 ending a considerable distance 

before the apex of the wing Cimbicix.e 

Front wings with the medio-cnbital cross-vein and the vein M3+4 

strongly divergent behind Hocloc ampin.e 

ee. Front wings with the base of the third anal vein atrophied and the 

second and third anal cells therefore united Dixeurix.e 

CO. Radial cross-vein wanting. 

d. Front wings with the third and combined first and second anal veins anas- 
tomosed at middle for a short distance, the length of the coalescence 
always being less than the length cd the second anal cell. 

e. Hind wings with the vein R3 reaching the margin before the apex of the 

wing; the cell R1+2 pointed at apex and closed Cladiin.e 

ee. Hind wings with the vein R3 reaching the margin at the apex of the 

wing; the cell R1+2 broad at apex and open Moxoctexix.e 

eld. Front wings with the third and combined first and second anal veins 
anastomosed at middle for a considerable distance, the coalescence being 
two or three times the length of the second anal cell or the second anal 
cell wanting or combined with the third anal cell. 
e. Front wings Avith the portion of the free part of ^3 situated between the 
apex of the vein M3+4 and the basal end of the medial cross-vein always 
more than one-half, usually suV>eqnal, and frequently greater in length 
than the free part of the vein ^1^, causing the cell to appear distinctly 
longer longitudinally than transversely; the free part of the vein 
M4 + Ciq perpendicular to the first anal vein, if oblique, inclined toward 
the apex of the wing. 

/. Front wings with the free part of the vein Sc, present. 

g. Front wings with the cell R1+2 never ai>pendiculate, closed at apex 

and not reaching the apex of the wing Nematin.e 

gg. Front wings with the cell R1+2 appendiculate at apex or open, never 
closed at the wing margin before the apex of the wing. 

HvL< )T 0 JIIX*E 

f. Front wings with the free part of the vein Sc, ahvays wanting. 

SCHlZOCERlN.E 

ee. Front Avings Avith the portion of the free part of the vein AI3 and the 
l)asal end of the medial cross-vein always less than one-half and gener- 
ally not more than one-fourth or one-fifth the length of the free part of 
the vein causing the cell AI, to appear longer transversely than 
longitudinally; the free part of the vein AI4+CUJ oblique and ahvays 

inclined toAvard the base of the Aving Perreyiinje 

aa. Front Avings always Avith both the first and second anal cells Avanting. 

b. Front wings Avith the free part of the A'ein Al,-f Cu, distinctly beyond the pos- 
terior end of the inedio-cubital cross-vein. 
c. Hind Avings Avith the cell R1+3 distinctly appendiculate. 
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(/. Hin«l wings with tlie free part nf tlie vein subecjual in length with the 

free part of the vein M3 Ixcaliin.k 

(hJ. Hind wings with the free inirt of the vein three or four times the lengtli 

of the free part of the vein 3I3 Lobocerin.^: 

cc. Hind wings with tlie cell R 1+2 never appendiculate, Init open at apex. 

iL Front wings with the cell R 1+2 not appendiculate; hind wings with the 
portion of the vein Rs— ]\I forming the base of the cell Ri+a transverse. 

A CO KI ) C L AC ER 1 X .E 

dd. Front wings with the cell R 1+2 appendiculate; hind wings 'with the portion 
of the vein Rs+M forming the base of the cell R 1+2 longitudinal. 

Pterygopiiorin.e 

Front wings with the free ]>art of the vein M^-f Cui interstitial with the niedio- 
cubital cross-vein, at most not more than the width of the vein beyond the 
cross-vein Pergix.e 



LIST OF ABRRPIVIATIONS. 



1 st A 


= First anal vein. 


m-cu 


= ]\1 e< 1 io-cul )i ta 1 cross- vei n . 


2 d A 


= Second anal vein. 


R 


= Stem of radius. 


3<1 A 


=Third anal vein. 


r 


= Radial cross-vein. 


C 


= Costa. 


H. 


= First branch of radius. 


ct 


= Contraction in second anal 


R, 


=Second branch of radius. 




cell. 


H 3 


= Third branch of radius. 


Cu 


=Stem of cubitus. 




= Fourth branch of radius. 


Cib 


= First branch of cubitus. 


K 5 


= Fifth branch of radius. 


Cu, 


= Second brancli of cubitus. 


rf 


= Radial furrow. 


:s\ 


=Stem of media. 


Rs 


= Radial sector. 


m 


= Medial cross- vein. 


R Esl 


=Comhined stems of radius 


M, 


= First branch of media. 




and media. 


M, 


= Second brau(‘h of media. 


r-m 


= Radio-medial cnK^s-vein. 




= Tliird branch of media. 


R + S<*, 


=Lombined radial stem and 




= Fourth branch of media. 




second branch of sul> 


:sri+2 


= Stem of the first and second 




c«).^ta. 




branches <»f media. 


s 


= Stigma. 


M 3+4 


=Stem of the third and fourth 


Sc 


=Stem of subcosta. 




branchas of media. 


Sci 


= First branch of subcosta. 


M,-^Cn, 


=Coml)ined fourth medial and 


Sc, 


= Second branch of subcosta. 




first cubital branches. 


Sc+R - 


-M=Combined stems of subcosta, 


!Mi-^R4+5 


=Combined first medial and 




radius, and media. 




fourth and fifth ra«lial 


sp 


= Secondary spur. 




branches. 


sv 


=Spring vein. 




EXPLANATION OF PLATES. 




Plate 


XXI. 





Fig. 21. Wing of Pantarbes capita, 

22. Aring of Erax furax. 

2.3. Wing of Tabanus Uneola. 

24. Wing of Scenopinus fenest rails, 

25. Wing of Rhamphomi/ia sp. 
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Plate XXII. 

Fig. 26. Wing of Miisca domestka, 

27. Wing of Con ops affinis. 

28. Wing of Midas milHaris. 

29. Front wing of Xemoura completa, 

80. Front wing of Ticuiopteryx frigida. 

Plate XXIII. 

Fig. 31. Wings of Meyaxyela major. 

32. Wings of Odontophyes avinigrata. 

33. Wings of Macroxyela ferruginea. 

Plate XXIV. 

Fig. 34. Wings of Manoxyela sp. 

35. W ings of Xyela j 1 1 i. 

36. Wings of Neurotoma fasciata. 

Plate XXV. 

Fig. 37. Wings of Lyda erythrocephala. 

38. Wings of Cxnolyda semidea. 

39. Wings of Pamphilius paUunacxda. 

Plate XXVI. 

Fig. 40. AVings of Itycorsia lueroglyphica. 

41. AVings of Bactroceros depressns. 

42. AVings of Cephaleki ahietls. 

Plate XXVII. 

Fig. 43. AA^ings of Liolyda frontalis. 

44. AA^ings of Blasticotoma fiUceti. 

45. AA'ings of Lophyrus sp. 



Plate XXVIII. 

Fig. 46. AA'ings of Emphytus balteatus. 

47. AA^ings of Eriocampa ovata. 

48. Wings of Fseudosiohla excavata. 

Plate XXIX. 

Fig. 49. AAlngs of Dolerus thomsoni. 

50. Wings of Strojtiboceros signarins. 

51. Wings of Strongylogaster cbigulatus. 

Plate XXX. 

Fig. 52. AA^ings of Eriocampoides iethiops female. 

53. AVings of Eriocampoides varipes male. 

54. AA^ings of Phyllotoma vagans. 
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Plate XXXI. 

Fi(i. 55. Vv^ing.s of Lifcaata sotl<(Ils. 

56. Wings of TenthretJo flani. 

57. Wings of Macropfnfu alhlrinrta, 

Plate XXXII. 

Fig. 58. Wings of Pucht/protasis rapu\ 

59. Wings of IVtchiosonm hirorum 

60. Wings of ( lareUnrki anu riniv. 

Plate XXXIII. 

Fkt. 61. Wings of Iloplocampn Jenughiea. 

62. Wings of llemichroa atuericcma. 

63. Wings of Dlneura geeri. 

Plate XXXIV. 

Fig. 64. Wings of Mcsouenm opaca. 

65. Wings of Pseudoili)ie>rra hepaticiv. 

66. Wings of Cl((dius< pecthticornis. 

Plate XXXV. 

Fug 67. Win^s oi MonorteinisjmujKid. 

68. Wings of Pteivmin jxtvkbfs. 

69. Wings of Perirlista rnelarwcephafa, 

Plate XXXVI. 

Fug 70. Wings of Phadlnocern^i reittrrl. 

71. Wings of PhyuKtlix'era aterrhna. 

72. Wings of Blennoramjxi <dtennp>cs. 

Plate XXXVII. 

Fig. 73. Wings of Kallosgsph'ntga dohrnli. 

74. Wings of Fenma pygmim. 

75. Wings of SroUoiteitra bctnleti. 

Plate XXXVIII. 

Fig. 76. Wings of Ilylotoma rirescens. 

77. Wings of Pachylota andouhdi. 

78. Wings of Labidarge dibapha, 

Plate XXXIX. 

Fig. 79. Wings of Didocena^ formoi<us. 

80. Wings of Perreyia vitdUna. 

81. Wings of Ptevygophoriis cinrtH!<. 

Plate XL. 






Fig. 82. Wings of Lobocera.^ frater. 

83. Wings of Acordnlecem sp. 

84. Wings of Perga sp. 
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Plate XLI. 

Fiu. 85. AViiigs of Xlphydrla macnl<(ta. 

SB. Wings of Paurnrus cynneiis. 

S7. Wings of S'm\c californicus. 

Plate XLII 

Fig. SS. Wings of ^Slre.r albicornis. 

S9. ^^'ings of Xeris spectrum. 

90. ^Vings of Teredon kdUarsIs. 

91. Wings of Tranex columba. 

Plate XLIII. 

Fig. 92. Wings of Megalodonies spissicornis. 

98. AVings of Janus integer, 

94. AVings of Janus ((bbreriatus. 

Plate XJJA". 

95. AA’^ings of Macrocephus satyrus, 

96. AA^ings of Cephas pygma us, 

97. AA'ings of Oryssus nbietinus. 



